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A WORD TO YOU 


What we call civilization is a state of culture that is 
characterized by a relative progress in the arts, sciences 
and industries. Now civilization had its beginnings a 
million years or so ago when primordial man fashioned 
the first crude ax^ by chipping it with another stone 
which he used as a hammer. 

As time moved on half-a-million years or so to the 
Paleolithic, or Old Stone Age, man had so improved 
upon the art of making flint tools and implements that 
he could give them any shape he fancied, but they were 
still chipped and in the rough. By the end of this 
period he had progressed in both ideas and skill to such 
an extent that he could make hammers, knives, saws 
and various other tools of flint. He also made images 
of men and animals of bone and ivory and thus it was 
that he initiated the art of sculpture. 

Came then a marked advance in the culture of primi- 
tive man and this is called the Neolithic Period, or 
New Stone Age, or Polished Stone Age. During this 
period, which included the last half of the Stone Age, 
he ground his tools instead of chipping them and he 
made more and better implements of bone and stone. 
Instead of the dull and sluggish-minded being that he 
is often pictured he did, possibly, all that modem man 
could do if he were given the same materials and had to 
work them under the same conditions. 

1 This is the eolith and it is described in Chapter I. 
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viii A WORD TO YOU 

'Now whether it was foreordained by Ifature or re- 
sulted from chance of circumstance, it so happened 
that Neolithic man discovered the first of the metals, 
and this was copper. This remarkable element, which 
was to again carry man forward in his quest for a 
higher state of material and social well being, came 
into his possession nearly ten thousand years ago but 
it did not come into general use until about seven 
thousand years ago because it was too soft to compete 
with stona 

The civilizing influence of the metal was, therefore, 
slow and it did not come about until ancient man had 
learned how to harden it by mixing it with tin or 
antimony. This was the beginning of the Bronze Age. 
Man already knew how to work stone into useful tools 
and ornate implements and he showed an even greater 
genius for working bronze, as the artifacts which have 
been uncovered by archaeologists clearly show. 

When iron was discovered the ancient metallurgist 
had a greater problem to wrestle with, for it was locked 
up in refractory ores and its high melting point made 
it a metal hard to cast. Hence, it did not supplant 
bronze until about three thousand years ago. This 
was the beginning of the Iron Age and it is still on, 
though we of the present century are living in what 
may be more accurately termed the Steel Age. 

The way to make iron into steel and the discovery 
of how to make high grade steel at a nominal cost are 
the two chief factors that have resulted in the madding 
culture of the present period and which is appropriately 
known as the Machine Age. 

There are many other metals, of course, besides 
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iron and its chief alloy, steel, that have furthered 
the arts, the sciences and the industries, not only in 
their pure states but also when they are mixed with 
other metals to form alloys, or are acted on by various 
chemicals when they form compounds. 

All of the common metals are described in this book 
and so are uncommon ones, together with the alkali 
metals, the alkaline earth metals, the rare earth metals 
and last, but not least, the radioactive metals. I have 
also explained how metals are mined, how they are ex- 
tracted from their ores, and how they are used in the 
various arts, sciences and industries — in a word, I have 
told the whole story of the metals to the best of my 
ability. 

And now all I ask you to do is to read the book 
through, for to know the rise of the metals is to know 
the rise of the human race from the time that copper 
was discovered to the mighty industrial civilization of 
our own times. 


A. Febdeeiob: CoLUira 




CHAPTEK I 

THE DISCOVERY OF THE METALS 

If you were to look at the spectrum^ of the sun 
through a spectroscope * that is secured to the eye end of 
an astronomical telescope, you would see a hand formed 
of a number of colored lines which range from violet 
to red. These lines are produced by vapors that are 
given off by the various highly heated elements that 
the sun is formed of and of which ninety-one have been 
identified. Thus, sodium gives a pair of characteristic 
yellow lines, copper a pair of green lines, iron a couple 
of thousand violet lines, etc. 

From this it must be clear that all of the elements 
and, it follows, the metals that we know about here 
below, had their origin in the sun and so when the 
mass of matter was thrown off by it which formed 
our earth, at the time the planets were in the making, 
it carried with it all of the metals which we now find 
on or in it. 


Befoeb the Age of Metals 

The Stone Age. — To get a clear conception of how 
the first metals were discovered and the bearing they 
had on the discovery of other metals, we must go back 

lA description of the spectrum and the spectroscope will be 
found in my forthcoming book. Experimental Optics, to be pub- 
lished by D. Appleton and Co., New York. 

2 The spectroscope was invented by Gustav Kirchhoff and Rob- 
ert Bunsen in 1869. 
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a million years or so to the very b anning of the Stone 
Age and follow up the successive cultures of man. 
As you will see from the accompanying chart the Stone 
Age is divided into four chief parts, or periods as they 
are called. 

Named, these periods are (I) the eolUhic period, 
which comes from the Greek roots eos and means davm, 
plus liihos meaning stone, or the daum stone period; 
(S) the pcdeolithic period, from palaios which means 
old, plus lithos, or the old stone period; (S) the meso- 
lithic period, from mezos, which means middle, plus 
lithos, or middle stone period, and, lastly, (4) the neo- 
lithic period, from neos, which means new, plus lithos, 
or the new stone period. 


Chart of Prehistoric Ages 


Early 

Iron Age 

La Tene Epoch 

(from 600 B.C. to a.d. 1) 

(from 1000 B.C. 

to 1 A.D.) 

Hallstatt Epoch 

(from 1000 to 600 b.c.) 

Bronze Age 

IV 


(from 3000 to 

III 


1000 B.C.) 

II 



I 

Neolithic Period (from 12,000 to 3000 B.c.) 
Mesolithic Period (from 20,000 to 12,000 B.c.) 

Magdalenian Epoch 
Solutrian Epoch 

Upper Aurignacian Epoch 

Paleolithic Middle Mousterian Epoch 

Stone Age Period 

(from 1,000,000 (from 600,000 to 

to 3000 B.O.) 20,000 B.c.) 

Acheulian Epoch 
Lower Chellean Epoch 

Pre-Chellean Epoch 

Eolithic Period (from 1,000,000 to 600,000 B.c.) 
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The Eolithic, or Dawn Stone Period. — ^Thia 
period is believed by the geologist and prehistorian to 
have begun about a million years b.o,, and it was in 
this dim and distant age that the first manlike being * 
is supposed to have made his appearance on the plains 



/l-fiD Eolith 



Fio. 1. — Befobe the Age of Metals 


of Europe. Now the only evidence that this early man- 
like creature really lived is the shaped and chipped 
stones that he left behind, or eoliths as they are called. 
One of them is shown at A in Figure 1. 

They are the very earliest implements that the be- 
ginnings of the human race ever made; indeed, they 
are so crude that there once waxed warm much argu- 

* He was more manlike than apelike and he is called by pre- 
historians the Boanthropua, or Dawn-Man, 
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ment about them — ^whether they were fashioned by the 
wearing and weathering processes of nature or by the 
hand of a hybrid creature which was a little more than 
anthropoid ape and considerably less than modem man. 

It is interesting to note in passing that the animals 
which kept this forerunner of the human race company 
included wild cattle, the wild horse, the bison, the 
giant beaver, the hippopotamus, the rhinoceros, the 
mammoth, and last, and most ferocious of all, the saber- 
toothed tiger. From the foregoing array of faxma it 
is clearly evident that this prehuman had to react 
quickly and perhaps, also, do a little thinking, if he 
was to survive in such an environment ; and he had need 
of implements with which to cut up the carcasses of 
the beasts he killed for food and to scrape the hides 
he used to cover his nakedness. The eolithic period 
lasted for half a million years and by the end of this 
time the intelligence of the creature who was to become 
a true man had, naturally, reached a somewhat higher 
plane. 

The Paleolithic Period, or Old Stone Age. — 

This period began roughly where the eolithic period 
left off and it ran a course of another half million 
years, nearly, or more specifically, it lasted until about 
20,000 years b.o. It is divided into three parts, or 
epochs, as they are called, and these are known as the 
lower, the middle and the upper epochs, respectively. 
By the time the eolithic period had merged into the 
paleolithic period the hybridized race had spread all 
over Central Europe and large numbers had settled 
down in various parts of France. 
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The Pre-Chellean epoch, or Sirepyan epoch, is so 
called in the first case because it antedated the Chellean 
epoch, and in the latter from Strepy, which is on the 
River Somme in Belgium. It was at this place that the 
stone implements which were a shade higher than those 
used by the Eolithic man were first found. These im- 
plements are roughly, but definitely, fiaked and usually 
have some part of their original surface untouched as 
pictured at B in Figure 1. The chief tool of the early 
man who made them was a hand ax which was held 
in the hand like a knife. 

The Chellean epoch gets its name from CheUes, a 
place on the River Seine near Paris, and the imple- 
ments of this culture were superior in workmanship 
to those of the pre-Chellean epoch as these latter were 
to those of the eolithic period. 

The Acheulian epoch which followed next gets its 
name from Saint Acheul, near Amiens in France. 
The Acheulians, as the people of this culture are called, 
had no more implements than the Chelleans before them 
but their workmanship was better in that the hand axes 
and scrapers were thinner and more finely flaked. These 
three epochs form the lower division of the paleolithic 
period. 

The middle division of this period consists of the 
Mousterian epoch and it gets its name from the 
cave of Moustier, in the valley of the V4z§re, Dordogne, 
France. How while the races that preceded the in- 
habitants of this epoch, which were the Neanderthals,* 


* So called from the Neanderthal valley in the Rhine Prov- 
ince, in which parts of man who lived in the paleolithic period 
were found. 
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lived on the banks of the rivers, the latter were the 
first to live in caves. They were a great improvement 
over those of the lower division for they developed a 
kind of language, knew how to use fire and made very 
fine axes and scrapers, albeit these were in the rougL 

The three epochs that formed the upper division of 
the paleolithic period are known as the Aurignacian 
epoch, from Aurignac, a department of the Haute- 
Garonne; the Solutrian period, from Solutre, near 
Mtcon, in the department Saone-et-Loire; and the 
Magdatenian period, from the Castle of La Madeleine 
on the V4zere, all of which are in France. It was at or 
near these places that some of the various succeeding 
races lived and where the skeletal and cultural remains 
of them were first found. 

Now there were two distinct races who lived in the 
Aurignacian period and these were (i) the Orimaldi 
race,^ who lived in the grottos at Menton, on the Medi- 
terranean, in France, and (^2) the Cro-Magnon race 
whose name comes from a rock shelter called Cro- 
Magnon that is in the valley of Vlzfere, in France. The 
Grimaldis were a dwarf Negroid race which were found 
at a lower level than the Cro-Magnons and it is be- 
lieved they were midway between the white and black 
races. 

The Cro-Magnons were a white race and their in- 
telligence was such that they are called homo sapiens, 
which means nimhle-witted man. They had bows and 
arrows and it is quite likely they used the latter as a 
bow drill which served the dual purpose of drilling holes 

* So named because the skeletons of this race were first found 
in the Orottos de Orimaldi. 
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and making fires. They were skillful when it came 
to drawing, painting and modeling figurines, and they 
were also the first to build huts to live in. From all 
of this, you will observe that the human race was get- 
ting well along toward a culture approximating a real 
civilization. 

In the Solutrian epoch the descendants of the Cro- 
Magnon race worked bone with much skill and made 
and used bone bodkins that were quite like our present- 
day crochet needles ; they also made bone harpoon heads 
that were barbed. They excelled, too, in making flint 
lance heads which they shaped like the laurel leaf, and 
these they fixed to the heads of poles, thus forming 
lances of them. Their greatest achievement, however, 
was the making of the flint point-a-cran which is the 
lance head with a shoulder to it and having barbed 
points. 

Finally we come to the Magdalenian epoch which is 
the last one of the paleolithic period of the Old Stone 
Age. Like the other epochs it is named after the place 
where the remains of the race which belonged to it 
were found — near the Castle of La Madeleine in the 
V4zere Valley in France. Their culture was higher 
than that of the Solutrian epoch and they left behind 
the finest examples of art and artifact ® of the Old Stone 
Age. And then something happened that prehistorians 
have not been able definitely to explain away, for their 
methods seem to have been lost and with them the 
reindeer, the mammoth and the woolly rhinoceros com- 
pletely vanished. But fortunately man himself still 

<Thi8 word means a simple product of aboriginal workman- 
ship. 
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carried on. This is the reason that the next sequence 
of time is called a period rather than an epoch. 

The Mesolithic, or Middle Period. — This period 
lasted from 20,000 b.c., to 12,000 b.o., and the peo- 
ples who lived during this time are called Azilians; 
this in virtue of the fact that their cultural remains 
were first found at Mas d’Azil, a place near Lourdes 
in the southwest of France. The larger animals hav- 
ing disappeared, the Azilians did many things differ- 
ently from their predecessors, the Magdalenians, hut 
what they did was scarcely an improvement over those 
of the older order. 

The outstanding feature of their existence is the so- 
called 'painted pebbles. These are more or less flat 
stones a couple of inches in diameter which have char- 
acters painted on them in red and black. Some of 
these characters are curiously like the early Roman 
letters but what they were used for is not known, though 
it is thought they were employed as tallies for keeping 
count. They also left behind the kitchen middens, or 
shell heaps, and in these refuse piles have been found 
the shells of edible mollusks, the bones of animals and 
fragments of things that were baked. Implements of 
horn, bone and stone have also been found and evidences 
that they mined flint have been uncovered. 

The Neolithic Period, or New Stone Age. — The 
beginning of modem civilization was due to the intel- 
ligence of the peoples who thrived in the neolithic 
period from 12,000 b.o., to SOOO b.o. These New 
Stone Age races were the first to plant seed and to 
Use the ox and horse as beasts of burden. They made 
pottery and cooked the flesh they ate; they invented 
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plaiting and weaving and made nets and baskets ; they 
contrived the dugout boat, invented the wheel and 
built houses, and, finally, they practiced medicine and 
surgery; but still all of their implements were of 
stone. 

Different from their mesolithic ancestors the neo- 
lithic artisans often used volcanic glass, ^ which is much 
harder than fiint, for their implements, and they pol- 
ished them instead of chipping and pecking them. The 



Fig. 2. — Some Implements of the Stone Age 


way they did this was to roughly trim the glass to the 
size and shape they wanted it to be when finished and 
then ground it down by rubbing it on, or with, a stone, 
using the while a plentiful supply of water just as you 
do when you sharpen your knife on a whetstone. 

While they used a drill for making small holes, th^ 
made the larger ones by boring them out with a hollow 
stick or bone which they rotated between the palms of 
their hands, the cutting element being sand and water. 
In this way they were able to bore a goodly sized hole 
through a stone ax and into which they drove the end 


7 This is known as obsidian and also rhyolite. 
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of a wooden handle, as shown in Figure IB, thus 
making a powerful tool of it Taken by and large, 
neolithic man was inventive and, it follows, progressive, 
and he did everything that was humanly possible to 
do with the materials he had to work with. To do more 
he must needs have something better than stone to make 
his tools and implements of and since he was ready 
for it. it was given to him in the form of the metals. 

The Age of Metals 

The Discovery of Copper. — The first metal which 
neolithic man discovered was the heavy, reddish ore 
that we call copper. Now various guesses have been 
made by different prehistorians as to how he first ob- 
tained it and two of the most likely ones are these : 

(1) That he found pieces of it in its pure state, or 
native as it is called, either in lumps on the surface 
of the ground or in stones that he broke apart, and 
{2) that he picked up a lump of copper ore, such as 
copper carbonate,® and either (a) threw it by chance 
into a hot fire which melted the copper out of it and 
he afterwards found it in the ashes, or (b) that he used 
the lump of ore as one of the stones to inclose his fire 
and that this had somehow gotten into it; the heat 
then reduced the ore, that is it separated out the copper 
from the nonmetallic elements of which it was com- 
posed, and he found it in the ashes. 

When he glimpsed the bit of copper his trained eye 
saw that it looked different from an ordinary piece of 
burnt stone and so he picked it up. He found that it 
was heavier than stone and altogether unlike any other 

* This ia an ore called malachite tliat is found in nature. 
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material he had ever come across before. It mtrigued 
him and created the liveliest curiosity and interest in 
those of his tribe. Being nimble-witted men th^ made 
a iew primitive experiments with it and it is easy to 
believe that the first test they applied to it was to try 
to bite it (see Figure S) ; while they were able to indent 
it with their powerful teeth it would not break as 



Tig. 3. — ^The Discoveet op Coppeb 


would a stone of equal size. The next trial was, doubt- 
less, an attempt to break it by laying it on a stone and 
striking it blow after blow with one of their stone 
hammers. And what must have been their surprise 
when instead of breaking into bits it simply flattened 
out and was as hard as it was at first 1 

The discovery, which was one of the greatest of all 
times, pr^storic, ancient or modem, was probably 
made somewhere in Cyprus where copper was plentiful 


12 


THE METALS 


Later on this country was destined to become famous 
for its Cypricm copper.* The finding of copper, how- 
ever, did not work an immediate change in the culture 
of the neolithic peoples any more than the finding of 
radium has revolutionized the culture of the twentieth 
century; but the latter like the former had undreamed 
of possibilities. 

The chief reason that copper did not find immediate 
favor with the neolithic peoples as soon as it was dis- 
covered was because it was too soft to be used for tools. 
The first use to which it was put, therefore, was the 
making of personal ornaments. The discovery of cop- 
per is believed to have been made about 1000 b.o., 
and the earliest date at which its use can be fixed with 
anything like certainty is about 5000 b.o. when artifacts 
were made of it and these have been uncovered in both 
Chaldea and in Egypt. 

The Bronze Age. — ^As I have intimated above, in 
order for copper to take the place of stone for imple- 
ments it must have a hardness that is comparable with 
the latter material. Now, curiously enough, the copper 
that was obtained from the ore which was found in some 
places was much harder than that which came from 
other places. Although the early workers in the bronze 
age well knew that this was so what they did not know 
was why it was so. Later on it was found to be due 
to the fact that it had either a little antimony or tin 
mixed with it. Thus in Hungary the copper ore which 
is mined there also contains antimony, while in China, 


• The copper mines of Cyprus were among the first, if indeed 
they were not the first, of ancient times. They have, however, 
long since been worked out. 
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England and some other countries, the copper ore con- 
tains a small amount of tin. 

Now when either antimony or tin is mixed with 
copper they form an alloy called bronze. This hybrid 
metal is not only considerably harder than either of 
the metals that go to make it up but it melts at a lower 
temperature than does copper alone. Moreover, the 
early Bronze Age metallurgist found that some of the 
bronze he worked was very much harder than others and 
in seeking a cause for this he discovered that when 
antimony was mixed with copper the resultant alloy of 
bronze that he made was not nearly so hard as when he 
used tin. It was not, however, an easy matter for him 
to distinguish the difference between antimony and tin 
and as the former metal is the most plentiful the bronze 
he produced was usually of an inferior grade. But he 
kept on trying. 

Finally, when tin was mined in suflScient quantities 
so that it was used to the exclusion of antimony for 
making bronze, it was further found that sometimes the 
latter was comparatively soft and at other times quite 
hard. This led to more experiments with the result 
that it was learned that the hardness depended on the 
relative proportions of the copper and the tin which 
were used. The proportions that give the hardest bronze 
were found to be about 90 per cent of copper and 10 
per cent of tin. 

As time moved on apace in the Bronze Age special 
furnaces that were shaped like a crucible and lined 
with clay were used to smelt the ore. Layers of char- 
coal, firewood and ore were laid up in alternate beds 
and then the fire was started; when the mass was in- 
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tensely heated water was thrown on it and the melted 
copper ran into lumps when it was separated out from 
the slag. 

When tin was first used as a separate metal to make 
bronze with, it was, in all likelihood, picked up from 
the gravd of streams but after awhile it was obtained 
from its ore or tinstone as it is commonly called, 
which was reduced in much the same way as copper 
ore was. This method of reduction was then improved 
upon by making a vertical hole in the side of a steep 
bank so that a chimney-like furnace was formed and 
the charcoal, firewood and ore were laid up in beds 
in it. When the fire was made the hole provided a 
good draft, and, it follows, a very hot fire was produced. 

The Bronze Age lasted from SOOO b.c. to 1000 b.o. 
This sequence of time has been divided into four 
periods by the more recent prehistoriaiw and each of 
these showed a marked advance in the art as against 
the one that preceded it. Different, however, from the 
Stone Age, the divisions of the Bronze Age are not 
named from the places where the advanced cultures 
were first found, but th^ are simply characterized by 
the Boman numerals I, II, III and IV, as a reference 
to the chart in the beginning of this chapter will show. 

The Bronze Age reached the European neolithic peo- 
ples about as follows: Italy in 2500 b.o., France in 
2000 B.O., Spain in 2000 b.o., Germany in 1800 B.O., 
England in 1800 b.o., and Kussia not until SOO b.o. 
From this it is clear that the Bronze Age was introduced 
into these countries either by bronze implements passing 
fiKun hand to hand or, and this seems more likely, by 

MSlie scientific name of this ore is oataiterite. 
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traders who carried the new metal implements np 
through Europe from the south or southwest from the 
place or places where it originated. 

There were two main trade routes along which the 
primitive traders from the more civilized Mediterranean 
centers of the Bronze Age traveled to reach the less 
cultured races of the north who were yet in the neolithic 
age. The first of these was by the way of what is 
known as the Dolmen route and this led them through 
Italy or Spain, to France and thence on to England, 
Wales and Ireland. 

The second or Elbe route took them through north- 
ern Italy, thence Switzerland, Hungary, Germany, Den- 
mark to the south Baltic countries. It was in this 
manner, then, that in the course of a few hundred years 
after the discovery of bronze it found its way into 
every country of Europe and practically supplanted the 
use of stone for the fabrication of implements. 

The Iron Age. — ^After the Bronze Age had come in 
other metals including iron, lead, silver and gold were 
discovered. Indeed, it has been thought by some au- 
thorities that gold was known before copper for pre- 
historic Irish ornaments made of it have been found 
along with those of amber and jet. Again it is be- 
lieved by some that iron was known before either 
copper or gold. But even if these premises are true 
they served no useful purpose for both of these metals 
were not only very soft but they were exceedingly rare. 
While gold occasionally occurs free, the only free iron 
to be had in lumps is that which is found in meteorites 
and these were and are few and far between. 

The reason, probably, that iron did not precede 
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bronze is that it has a higher melting point than the 
latter and until man knew how to make a fire that 
was hot enough to reduce it from its ores he could not 
make use of it. Iron did not come into use until about 
1000 B.O., and into general use some 500 years later. 
The Iron Age is, therefore, reckoned to have begun about 
1000 B.O., and it is still on, although we of the present 
time are living in what may be more properly called 
the Steel Age. 

Now when iron is pure it is almost as soft and 
malleable as copper but all of the iron that is obtained 
by smelting iron ores has a small percentage of carbon 
and other impurities in it and these tend to make it 
hard and brittle.^® This is the reason the iron that 
was obtained in the ancient days could be used for tools 
and implements which were superior in every way to 
those made of bronze. 

The Early Iron Age is divided into two epochs and 
these are known as (i ) the Hallstait epoch, and {2) La 
Tene epoch. The former is so-called from Hallstatt in 
the Nordic Alps of the Austrian Tyrol, and it ran a 
course from 1000 b.o., to 500 b.o. At this place there 
have been found bronze implements of the latter part 
of the Bronze Age and iron implements of the very 
beginning of the Iron Age. 

The latter, or La Tene epoch, is the second half of 
the Early Iron Age and it gets its name from an old 
settlement built on piles called La Tene, or The Shair 

11 As a matter of fact, iron was the first metal known and 
used in Central Africa and, it follows, the latter never had a 
Bronze Age. 

12 These properties of iron and their causes are gone into in 

er //. 
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lows, which is near Marin, in Switzerland. The iron 
implements that have been found there are typical of 
those made during the time period between 600 B.O., 
end A.D. 1, 



CHAPTER II 
THE COMMON METALS 

By the term common metals is meant those which, 
as a rule, are (i) the most plentiful in nature, {2) the 
cheapest, and (5) the most widely used. Of course 
iron is in the vanguard for it is, next to aluminum, 
the most plentiful, it is the cheapest, and, by all odds, 
the most useful of all the metals. Copper, tin, zinc, 
lead, aluminum, nickel, tungsten, chromium and mer- 
cury follow, while antimony and bismuth tag along in 
the rear. With the exception of copper, zinc, lead, 
aluminum and mercury, which find a more or less ex- 
tended use in their free or elemental states, the others, 
including iron, are employed in the industries only 
when alloyed with other elements and these will be 
explained in detail in the chapters on alloys. 

Iron, the Most Useful Metal. — ^We get the word 
iron from the old Anglo-Saxon one of iren and while 
the root of this is not with any certainty known, it may 
have been derived from the ancient Sanskrit ayas 
which means metal. Now while the Chart of Pre- 
historic Ages, given in Chapter I, indicates that iron 
implements had their beginning about 1000 b.o., it is 
well known that the ancient Egyptians had used iron 
most effectively two or three thousand years before that 
tima 

Thus a blade made of iron was found in one of the 

pyramids which had been put there some 3000 years 

18 
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B.O., and it is known that the ancient Assyrians also 
made and xised iron implements. That the ancients 
away back when Moses was a boy had the hardest kind 
of tools with which to hew out the great blocks of stone 
for their pyramids and other gigantic structures, as 
well as to chisel the statuary they left behind and 
cut deep hieroglyphics in the adamantine rocks, there 
can be no doubt. 

For this reason it was long believed that they knew 
how to temper copper to a degree of hardness that ap- 
proached our present day steel tools, but this idea has 
long since been exploded. What they probably did was 
to make iron, or rather steel, which is iron with carbon 
in it, into tools and temper them just as we do now. 
So, then, it was the art of making steel and tanpering 
it that was lost for a couple of thousand years and not 
the art of tempering copper. 

The Romans made and used both wrought iron and 
steel — ^the former for all ordinary purposes and the 
latter for tools and edged weapons. When Julius Csesar 
invaded Britain in 55 b.o., he found the peoples there 
using tools and implements made of iron, but it was 
not until the Roman Empire was well along that iron 
came generally into use throughout the civilized parts 
of Europe and from that time on its employment be- 
came more and more widespread. 

Origin of Iron . — ^As I mentioned in the preceding 
chapter, iron, along with ail of the other metals and 
nonmetallic elements, has existed on the earth’s surface 
ever since the latter was thrown off by the sun. It is 
estimated that 5 per cent of the earth’s crust is formed 
of iron and geologists account for its coming to the 
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surface in this way; The great deposits of iron ore 
have been brought to the earth’s surface by being 
(i) forced out of the melted igneous rock^ when it 
combined with oxygen and formed the ore that we call 
magnetite; {2) deposited in beds of sedimentary rock 
when it combined with a different proportion of oxygen 
and formed the hematite ores; (5) laid down in beds 
in the ocean and combined with carbonate and formed 
siderite or spathic iron ore; and (^) accumulated in 
swamps when it is called hog iron ore. 

Occurrence of Iron. — Pure iron, or metallic iron, or 
ferrite, as free iron is variously called, is almost as 
scarce as the proverbial hen’s teeth, and what we call 
iron is really an alloy made of iron and a small per- 
centage of carbon and other substances in it. The 
purest free iron is found in the form of minute par- 
ticles in basalt rocks * such as those that make up the 
Giant’s Causeway, Ireland. The next purest free iron 
is found in meteorites but this contains from S to 8 
per cent of nickel and about %oo of 1 per cent of 
copper. Iron is also found in minute quantities in 
many of the natural waters, in plants and as a necessary 
element in the blood. 

All the iron that is used for industrial purposes is 
obtained from ores of different kinds. Practically 
every country on the face of the earth has large iron 
ore deposits and these are near enough to the surface 
of the earth so that they can be profitably mined. The 
largest iron ore mines in the United States are in the 


1 These are rocks that were produced by the action of intense 
heat. 

2 Basalt rocks are of igneous origin. 
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Lake Superior region and seven-eighths of all of the 
iron mined in America comes from these beds. 

The next largest ore deposits are in the Lorraine- 
Luxembourg districts and these extend along the 
Franco-German frontier up into Belgium. A continu- 
ation of these deposits is found in England and extends 
from Yorkshire on the northwest to Dorset on the 
southwest. 

The chief factors for the economic utilization of iron 
ore are its proximity (1) to cheap coal with which to 
smelt it, and (3) to industrial centers where it can 
be used in quantities. Although the great deposits of 
ore in the Lake Superior region are a thousand miles 
from the nearest coal mines, still it competes success- 
fully with that which is mined elsewhere and is nearer 
the coal mines. This is because the most approved 
methods are used for mining it and the Great Lakes 
offer a cheap method of transporting it. 

Kinds of Iron Ore. — There are five chief kinds of 
iron ore and these are: (1) hematite, (2) limonite, 
( 5 ) magnetite, (.4) siderite, and ( 5 ) pyrite ores. 
Hematite {FezOi), or red hematite as it is also called, 
is ferric oxide, that is each molecule of it is formed of 
2 atoms of iron and S atoms of oxygen and when pow- 
dered it is red. When pure it contains 70 per cent 
of iron. 

Limonite {2Fe20i, SHzO) or brown hematite, is hy- 
drated ferric oxide, which means that 2 molecules of 
the ferric oxide (FezOa) are combined with S molecules 
of water (HzO). When pure it contains 69.89 per cait 
of iron. 

Magnetite (FesO«) is a magnetic oxide of iron and 
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surface in this way; The great deposits of iron ore 
have been brought to the earth’s surface by being 
(1) forced out of the melted igneous rock^ when it 
combined with oxygen and formed the ore that we call 
magnetUe; (£) deposited in beds of sedimentary rock 
when it combined with a different proportion of oxygmi 
and formed the hematite ores; (5) laid down in beds 
in the ocean and combined with carbonate and formed 
siderite or spathic iron ore; and (^) accumulated in 
swamps when it is called hog iron ore. 

Occurrence of Iron. — ^Pure iron, or metallic iron, or 
ferrite, as free iron is variously called, is almost as 
scarce as the proverbial hen’s teeth, and what we call 
iron is really an alloy made of iron and a small per- 
centage of carbon and other substances in it. The 
purest free iron is found in the form of minute par- 
ticles in basalt rocks * such as those that make up the 
Giant’s Causeway, Ireland, The next purest free iron 
is found in meteorites but this contains from 5 to 5 
per cent of nickel and about Yioo of 1 per cent of 
copper. Iron is also found in minute quantities in 
many of the natural waters, in plants and as a necessary 
element in the blood. 

All the iron that is used for industrial purposes is 
obtained from ores of different kinds. Practically 
every country on the face of the earth has large iron 
ore deposits and these are near enough to the surface 
of the earth so that they can be profitably mined. The 
lai^est iron ore mines in the United States are in the 


1 These are rocks that were produced by the action of intense 
heat. 

s Basalt rocks are of igneous origin. 
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Lake Superior r^on aud seven-eighths of all of the 
iron mined in America comes from these beds. 

The next largest ore deposits are in the Lorraine- 
Luxembourg districts and these extend along the 
Eraneo-German frontier up into Belgium, A continu- 
ation of these deposits is found in England and extends 
from Yorkshire on the northwest to Dorset on the 
southwest. 

The chief factors for the economic utilization of iron 
ore are its proximity (J) to cheap coal with which to 
smelt it, and (2) to industrial centers where it can 
be used in quantities. Although the great deposits of 
ore in the Lake Superior region are a thousand miles 
from the nearest coal mines, still it competes success- 
fully with that which is mined elsewhere and is nearer 
the coal mines. This is because the most approved 
methods are used for mining it and the Great Lakes 
offer a cheap method of transporting it. 

Kinds of Iron Ore. — There are five chief kinds of 
iron ore and these are: (1) hematite, (2) limonite, 
(S') magnetite, (4) siderite, and (5) pyrite ores. 
Hematite (Fe20s), or red hematite as it is also called, 
is ferric oxide, that is each molecule of it is formed of 
2 atoms of iron and S atoms of oxygen and when pow- 
dered it is red. When pure it contains 70 per cent 
of iron. 

Limonite (2Fe20z, SHzO) or brown hematite, is hy- 
drated ferric oxide, which means that 2 molecules of 
the ferric oxide (Fe»Oa) are combined with S molecules 
of water (HtO). When pure it contains 59.89 per cent 
of iron. 

Magnetite (FezOt) is a magnetic oxide of iron and 
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as its formula shows each molecule of it is formed of 
S atoms of iron and ^ atoms of oxygen. It is black when 
powdered, and it contains 7£.^ per cent of iron. 
Siderite (FeCOt) or spaihic iron, as it is sometimes 
called, is ferrous ca/rhonate and each molecule of it has 
1 atom of iron combined with 1 of carbon and S of 
oxygen. The ore contains 48.27 per cent of iron when 
pure. 

Pyrite (Fe5*) is commonly known as fooVs gold 
because prospectors new at the business in the early 
days often found it and thought they had struck an 
Eldorado. A molecule of it contains 1 atom of iron 
and 2 atoms of sulphur. While pyrite ore contains 
46.6 per cent of iron, it is generally used for the sul- 
phur there is in it, but the iron can be obtained from 
its oxidized residue. The way in which these ores are 
reduced, that is the iron extracted from them, is told 
in Chapter XI. 

Kinds of Iron. — Since iron is an element it stands 
to reason that there is, in the last analysis, only one 
kind of it. When a metal or some other element is 
mixed with a metal they form what is called an alloy,* 
but since iron that is used for commercial purposes 
always has a small percentage of carbon in it, it is not 
considered as an alloy. Since different percentages of 
carbon in iron give it different properties in this sense 
it may be considered to be of different kinds. 

Now the three chief kinds of iron are known as 
(f) cast iron, {2) wrought iron, and (5) steel. Cosi 
iron contains from S.5 to 4.^5 per cent of carbon as 

^The exception to tliie is when a metal is dissolved in mer- 
cury, in which case the mixture is called an amalgam. 
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well as various small amounts of phosphorus, silicon 
and sulphur, and it is these impurities that make it 
hard and brittle. It can be melted and cast hut cannot 
be rolled or forged. 

WrougM iron contains only 0.02 to O.OS per cent of 
carbon and aU of the impurities in cast iron have been 
removed from it, but it does contain some slag. How- 
ever, for all industrial purposes it is practically pure 
iron and it can be forged or rolled into shape but it 



Fig. 4. — Few Sixel Tools 


cannot be cast and it is not hardened when it is quickly 
cooled after being highly heated. 

Steel is iron that has various higher percentages of 
carbon in it than cast iron and with all of the various 
impurities and slag removed from it. There are many 
different grades of steel and these are used for numer- 
ous different purposes as they can all be cast, forged, 
rolled and tempered.* (See Figure 4*) Extra soft or 
dead steel contains about 0.08 per cent of carbon and 


* These processes are described in Chapter XIY. 
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this is not only very soft but ductile, malleable and 
tough. It can be forged and welded when cold. 

Structural steel (see Figure 5) contains from 0.16 
to 0.25 per cent of carbon and it is used where strength 



Fis. 5. — Molten Metal fbom a Giant Mixer Ladle Poured 
INTO AN Open Hearth Ladle 

This ladle car, when loaded, is the heaviest load carried on 
rails, weighing 325 to 330 tons. It is carried a distance of 14 
miles on special tracks from Hamilton, Ohio, to Middletown, Ohio. 

is needed and forging operations are necessary. For 
this reason it is used for drop forgings,^ buildings, 
bridges, boilers and railway rolling stock Medium steel 
is harder and stronger than structural steel and it con- 
tains from 0.25 to 0.65 per cent of carbon. Hos'd 

*-Steel that has been forged between the dies of a drop hammer 
or drop press. 
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steel contains from 0.65 to 0.85 per cent of carbon and 
it must be heat treated * before it is used. After this 
operation wood cutting tools, steel wheels, locomotive 
tires, etc., are made of it 

Spring steel contains 0.85 to 1.05 per cent of carbon 
and it must also be heat treated after which it is very 
hard, resilient and brittle. It is used for the blades 
of shears, cold chisels, rock drills, automobile springs, 
etc. High carbon steel contains 1.05 to 1.20 per cent 
of carbon and it, likewise, must be heat treated. It is 
used for springs on railway engines and cars and for 
forgings and metal cutting tools. Finally, steel alloys 
are those which have other metals mixed with the steel 
and you will find these described in Chapter XI. 

The Physical Properties of Iron. — ^Pure iron has 
a silver-white luster, a specific gravity of from 7.86 to 
8.1 If, and it is not only very malleable but ductile as 
well. With the exception of cobalt and nickel it is the 
most tenacious of all the metals and it can be rolled 
so thin that a sheet of it will weigh less than one of 
the same size made of paper. It becomes soft when 
heated to redness and it can be welded when it is 
brought to a white heat, but if it is heated to a higher 
temperature than this it becomes brittle. 

At ordinary temperatures it is strongly attracted 
by a magnet or other source of magnetic energy and, it 
follows, it is itself strongly magnetizable, but as soon 
as the magneto-motive force is removed it loses its mag- 
netism. When it is heated above 760 degrees centi- 
grade it also loses its magnetic properties. Oppositdy 

® This process is described in ChupteT XT, 
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disposed, when steel is magnetized it retains its ma^ 
netic properties indefinitely. 

Since the physical properties of iron change when 
it is subjected to varying temperatures, it was long ago 
believed and recently proved that it has allotropic 
forms, which means that its atoms take on different 
arrangements according to the degree of heat that is 
applied to it. There are three of these allotropic forms 
and these are known as a-fenrite, or alpha iron, S-fer- 
rite, or beta iron, and y-ferrite, or gamma ironJ 

When iron has a temperature below 767 degrees it 
is stable and magnetic and this is the form that is 
known as a-ferrite. At a temperature above this point 
it is still stable but loses its magnetic properties and 
at 900 degrees it recrystallizes and shrinks 1^2 per 
cent in volume and it then becomes 6-ferrite. When 
a temperature of HOO degrees is reached it changes 
back again to the stable nonmagnetic form and this it 
retains between the above temperature and its melting 
point which is 1530 d^ees C. When the iron reaches 
this temperature and melts it takes on an entirely new 
set of physical properties. 

The Chemical Properties of Iron. — The symbol 
for iron is Fe and its atomic weight is 55.8k- Pure 
iron is not as chmiically reactive as that which con- 
tains other elements. Thus pure iron will not rust, 
that is combine with oxygen to form iron oxide 
(Pe*0$) in air or cold water but ordinary commercial 
iron will do so. Iron will bum in oxygen, and when 
heated it will react on steam and in both cases produce 

r Alpha, beta and gamma are the first three letters of the 
Oreek alphabet. 
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magnetic iron oxide (Pe$04). While ordinary mat 
will not protect the surface below it magnetic iron 
oxide will and this is the way that Btissia iron, which 
is used for stovepipes, is made 

Iron will bum in sulphur and small iron objects such 
as watch hands, buckles, etc., can be given a coating 
which will protect them from rasting by dipping them 
into melted saltpeter. Iron dissolves in dilute acids 
of nearly every kind and sets free the hydrogen that is 
in them. Pure hydrogen is made by dissolving iron 
turnings in dilute sulphuric acid. It also dissolves 
in cold concentrated nitric acid but does not react with 
fuming nitric acid. 

After it has been dipped into the latter it takes on 
what is called the passive state and this is an inactive 
condition. Thus after it is dipped into the latter 
named acid, if you will then dip it into a solution of 
copper sulphate, it will not become coated with metallic 
copper as it is when it has not been immersed in the 
acid. But if you scratch the surface of it or strike 
it when in the passive state and then dip it into the 
copper sulphate solution, the copper in the latter will 
be deposited on it, which shows that its reactive condi- 
tion has been restored. Although cobalt, nickel and 
some other metals also exhibit the passive state, just 
what causes it is a chemical mystery. Finally, iron 
combines directly with chlorine, iodine, bromine and 
fluorine all of which belongs to the halogen family.® 

« For a description of this charming family see my book 
Bcoperimental Chemistry, published by D. Appleton and Com- 
pany, New York. 
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Copper, the Electric MetaL — This metal came by 
its name in a rather d^enerate fashion. Originally 
it was called aes Cyprium from these Latin words 
which mean from Cyprus, since it first came, at least 
in quantities, from the Isle of Cyprus in the Mediter- 
ranean. This name was then abbreviated to cyprium, 
this in turn to cuprum and this the Anglo-Saxons 
changed to copper. 

It got its fame from the Greek goddess Aphrodite * 
who chose it for her mirror so that she might take a 
look now and then at her pretty self — a habit that is 
still in vogue among her sex. I have called it the elec- 
tric metal because it is the only cheap one which makes 
it possible to transmit electricty economically and, it 
follows, it is second only to iron in keeping up our 
high-powered civilization. 

When the Romans conquered Gaul, Spain and Britain 
they found that these countries had copper deposits and 
from that time on to the end of the Roman Empire 
these were mined and the metal shipped to Rome. At 
about this same period and perhaps at an earlier date 
the American Indians used the free copper that abounds 
in the Lake Superior region and in the seventeenth 
century these deposits were discovered by the French 
esplorers. 

Copper that came from Connecticut, New Jersey and 
Pennsylvania was mined in the eighteenth century and 
small quantities of it were shipped to Europe, but it was 
not until the middle of the nineteenth century that it 
was mined in large quantities and the United States 
has ever since remained the largest producer of it. 

• Tlie Bomaiu called this goddess Vemt. 
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The Origin of Copper. — The deposits of copper that 
are found free had their origin in the cysts, or amyg- 
dulesy as geologists call the small spherical cavities in 
volcanic rocks. The metal was deposited in them by 
the water vapor which was set up in the molten masses. 

As a matter of fact, all of the great copper deposits 
in various parts of the world were produced chiefly 
by the action of heated water and steam that were 
released by volcanoes. Thus the metamorphic deposits, 
as certain kinds of copper ores are called, were the 
result of changes in rocks caused by the recrystalliza- 
tion of the elements of which they were formed, and 
these, as well as the limestone deposits of ore were 
brought about by the action of heated water and 
pressure. 

The disseminated deposits, which mean scattered 
deposits, are those contained in schists, that is rock 
whose structure has been sheared. This took place in 
the very earliest geological age, or Archcean period, as 
it is termed. 

The Occurrence of Copper. — This metal is found in 
exceedingly minute quantities in various waters and 
soils, in plants, eggs and meat, in the feathers of birds, 
and in the blood of man and other animals including 
the cuttlefish. It is often found free and this the miner 
terms virgin copper. The largest deposits of free cop- 
per are those near Keweenah, Michigan, on Lake 
Superior, and some of the pieces of it weigh in the 
neighborhood of JfOO tons. It was here that the Ameri- 
can Indian pounded off enough to make his ornaments 
and implements. 

The world’s supply of copper is, however, obtained 



80 


THE METALS 


from its yarioos ores and tHe richest of these deposits 
is in the Butte district in Montana, where there is a 
vein miles wide and 2 miles long. There are also 
rich deposits on the Michigan shore of Lake Superior 
and also in the Globe, Bisbee, Miami and Bay districts 
in Arizona. In the southeast comer of Tennessee is 
an important pocket of copper ora There are also 
copper ore deposits in various other countries in the 
world including Chile, China, Japan, Siberia, the Bel- 
gian Congo and Australia. 

Kinds of Copper Ore . — ^The principal copper ores are 

(I) cuprite, ( 2 ) chrysocolla, (8) chalcocite, (Jf) chal- 
copyrite, (5) erubescite, (6) tetrahedrite, (7) azurite, 
(8) malachite, (9) melconite, ( 10 ) covellite, and 

( II ) argonite. 

Cuprite copper (CutO), or ruby copper, is a copper 
oxide and contains 57 per cent of copper. Chrysocolla 
(Cu8i0s'2Hz0) is copper silicate and contains SO per 
cent of copper. Chalcocite (CU28), or copper glance, or 
vitreous copper, as it is variously called, is a sulphur 
ore and contains 80 per cent of copper. Chalcopyrite 
(CuFe 82 ), or copper pyrite is a copper-iron sulphide 
and contains Slf .6 per cent of copper. Erubescite 
(CutFe 8 t) is commonly called homite, peacock copper 
and horseflesh, and it contains 56 per cent of copper. 

Tetrahedrite (SCu 28 , 8 b 20 t) is a copper antimony 
sulphide and contains from SO to 50 per cent of copper. 
Azurite ( 2 CuGOt,Cu(On)t) is blue carbonate of cop- 
per and it contains SO per cent of copper. Malachite 
(CuCOi,Cu(On)a) is a green carbonate of copper and 
contains ^8.67 per cent of copper. Covellite (Cu 8 ) or 
indigo copper is cupric sulphide, and it contains 70 per 
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cent of copper, and, finally, argonite ((7«*A54) is cu- 
pric arsenic sulphide and it contains per cent of 
copper. How these copper ores are smelted and refined 
is explained in Chapter XIV. 

The Physical Properties of Copper . — ^The specific 
gravity of copper is 8.29 to 8.98. It has a reddish- 



yellow color when it is polished and a yellowish tinge 
when it is freshly fractured. It appears to be red by 
reflected light; when hammered very thin and viewed 
by refracted light it takes on a greenish color and 
when melted it has a sea-green color. It is very ductile 
and it can be drawn into wire that is only 0.2 milli- 
meter in diameter when a steel plate is used, or 0.3 
millimeter when a diamond is used. Next to silver, 
copper is the best conductor of electricity and after it 


10 A millimeter ie 0.3937 of an inch. 
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ii 4x«wii into wi» H k mem tenMkms but less con- 

dNmtim (See Piffwm 6.) 

Ik Ckmied Pnp0riieii^Tbe ^bol of copper is 
Cu imd its atomic weight is 6S.67. When copper is 
exposed to diy air it is not affected in any way but 
when it is exposed to air containing carbonic acid a 
basic green carbonate is formed on it; this is not 
verdigris ” though it is often so called. Dry oxygen 
has no effect on copper but in moist oxygen a cuprous 
oxide forms on it. While copper will attack acids with 
oxygen in them, it will not displace hydrogen from 
dilute acids. 

When copper is melted it absorbs hydrogen, carbon 
monoxide and sulphur dioxide. In absorbing hydro- 
gen it decomposes hydrocarbon gases, such as methane 
and ethane, and when the molten copper cools off and 
solidifies these gases are set free and it is this which 
makes the castings porous. Copper dissolves easily in 
nitric acid, boiling concentrated sulphuric acid and 
{iqua regia.^^ Finally, the metal is exceedingly sensi- 
tive to poisons; thus if a copper wire contains 0.00 IS 
per cent of arsenic it will lower its electrical conduc- 
tivity by 1 per cent. 

Tin, the Soft MetaL — Its Name . — ^What prehistoric 
man called tin, assuming that he had a name for it, 
we do not know, but the ancient Greeks called it cos- 
sUeros and the Romans called it stannum. The former 
name has survived in cassiterite which is applied to the 
chief ore from which tin is obtained. The Roman name 

Verdigris (pronounced vef*-di-gree) is copper acetate* 

12 The Latin term meaning royal water. It is made by mixing 
nitric and hydrochloric acids and it will dissolve gold, platinum 
and other metals which will not dissolve^in either acid alone. 
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was not definitely given to the metal until a.d. The 
reason for this is found in the fact that a thousand 
years before this time it was, according to Pliny, “ 
thought to be a kind of lead. 

To differentiate between them, the Eomans called tin 
plumbum album which meant while lead^* and they 
called lead plumbum nigrum which meant blade lead}* 
We get the word tin from the old Anglo-Saxons and 
almost every modem European language has a quite 
similar name for it. The earliest known place that pro- 
duced tin in quantity was Cornwall, England, and, 
hence, the ancient peoples called the British Isles, the 
Tin Islands. It was from the Cornish mines that the 
Phoenicians took shiploads of tin to Assyria and Egypt 
where it was used with copper for making bronze. 
Long after the Iron Age came in the Romans got their 
supply of tin from Cornwall and this they used, to- 
gether with copper, for making bronze helmets, shields 
and weapons. 

If you should ever go to Cornwall and are sufficiently 
interested in archseology, you can easily find some one 
who will show you the remains of the ancient furnaces 
where the Britons smelted their tin ore, or tinstone as 
it is commonly called. The slag that they left behind 
is called Jew’s attle and there is a pile of it which 


IS Pliny the Elder (a.d. 23-79), a famous Roman sailor and 
writer, who compiled a great work. Natural Bistory, in thirty- 
seren volumes. 

IS This name is applied to-day to lead carbonate. 

15 Thit name is applied to-day to graphite or plumbago, a form 
of carbon. 

16 The word attle means discarded broken rook, and the slag 
la called Jew’s attle because piles of it are fotud near the Jewi^ 
hoTues in Cornwall, England. 
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IB inown to tbia day as Saracen, just as if the 
Saracens who warred with the brave descendants of 
Ishmael had got the tin they used for their weapons 
there. 

The Origin of Tin , — ^Free tin in the form of crystal- 
lized grains or as aggregates of them is found scattered 
through masses of varioTis rock and also in the gravel 
of river beds. These latter have been formed by the 



Fio. 7. — A Tiw Hunt is Cornwall 
From an old print 


erosion of the rocks and they are called tin sand, stream 
sand, black sand and barilla, depending on the locality 
it is found in. Free tin is also found in the silver ores 
of Bolivia and the gold ores of Guiana and Siberia. 

Free tin and tin ores had their origin in the older 
granite and the volcanic rocks of the same kind, the 
alluvial and gravel deposits being of a secondary nature. 
Vein deposits, which are called lode tin, are found in 
matrices and fissures of these rocks and they are usually 
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associated with £uor spar, topaz, quartz and arsenical 
pjrites or with silver and bismuth ores or various sul- 
phides and other compounds. 

The Occurrence of Tin . — ^Formerly the world’s chief 
supply of tin came from Cornwall, England. A picture 
of one of the old tin mines there is shown in Figure 7. 
Now the chief supply comes from the Malay States and 
the next largest source is Bolivia. Tin is also obtained 
from the islands of Banca, Billington and Sumatra of 
the East Indies and also from Australia. There are 
small amounts of it in the various countries of Europe, 
in Japan, and in some states of the United States and 
Alaska. 

Kinds of Tin Ore . — The two chief kinds of tin are 
(i) cassiterite, (SnOa), or tinstone as it is commonly 
called, and {2) tin pyrites. As you will see from its 
formula, tinstone is a tin oxide and it contains JtO per 
cent of tin. Pieces of tinstone are sometimes found that 
are white transparent crystals and these are called tin 
diamonds. {2) Tin pyrite {SnSijCu^S^ Fe8) is, as its 
formula shows, quite a complex ore, each molecule of 
it being formed of copper, tin and sulphur and to this is 
added a molecule formed of iron, tin and sulphur. It 
is, obviously, a lower grade ore than tinstone and this 
is shown by the fact that it contains only 20 per cent of 
tin. 

The Physical Properties of Tin . — Sheet tin is a lus- 
trous, silver-white metal, which when it is cast takes 
on a slightly blue tinge, dull or iridescent according 
to the temperature at which it is poured. It is so soft 
that you can cut it with a knife and so malleable that 
it can be rolled into very thin sheets which is called 
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imfoS,, and it has practically no tenacity. When a bar 
of cast tin is bent it mates a peculiar shrill noise which 
is called the cry of tin. It does this because the crystals 
of which it is formed scratch against each other. 

To show that it is crystalline all you need to do is 
to brush a little stannous chloride over the surface of 
it, when it will show patterns that look like the designs 
which frost makes on a window pane in winter. It does 
this because the smaller crystals dissolve more quickly 
than the larger ones. The effect thus produced is known 
by the French name of moiree metallique. 

Tin is a dimorphous metal, which means that it 
exists in two different solid states: (7) the metallic 
state, at ordinary temperatures, and this becomes (S) a 
coarse gray powder at low temperatures. The first 
signs of this change are the spots that appear on objects 
made of tin. These are called the tivrpest. Here are 
two examples of the ill effects of this change: In 1851 
the tin pipe organs at Amsterdam, Holland, were found 
to be no longer made of solid metal but of gray powder, 
and again in 1858 a consignment of tin was stored in 
the customhouse in Petrograd during the winter and 
later all that remained of it was a gray powder. 

The Chemical Properties of Tin . — The symbol for 
tin is 8n and its atomic weight is 118.70. This metal 
is but very little affected by either dry or moist air but 
it does in time become tarnished. It is not affected by 
hydrogen but it displaces the latter in dilute acids. It 
is acted on very slightly by strong sulphuric or hydro- 
chloric acids when these are cold, but it reacts with 
them when th^ are hot With hot hydrochloric acid 
it gives stannous chloride and hydrogen. Finally, it 
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dissolves slowly in dilute nitric acid, and strong nitric 
acid converts it into stannic acid. 

Lead, the Heavy MetaL— Name . — ^As I have 
mentioned in the preceding part of this chapter, the 
ancient Romans called both tin and lead plumbum and 
differentiated between them by suffixing the word 



Fig. 8. — Water Pipes op AwciEifT Rome 
The upper pipe was laid in the reign of Vespasian; the lower 
one bears the inscription of a Eoman plumbing firm. 


alhum (white) to the former and nigrum (black) to the 
latter. We have perpetuated the word plumbum by 
using Ph for the chemical symbol of lead and deriva- 
tions of it for the names of certain lead compounds. 
We get the word lead from the old Anglo-Saxon lead 
but where they got it from is not of a certainty known. 

Lead was known to the prehistoric peoples and that 
it was used in Biblical times is shown by the fact 
that there were lead mines in Palestine, Sinai, the 
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Lebanon and in Egypt. The ancient Romana naed it 
for making rings, weights, water pipes (see Figure 8), 
and tanks and statues.^^ It was also widely used in the 
Middle Ages, and it was the chief metal which the al- 
chemists believed could be transmuted into gold. To- 
day we know it as the end product of radium. 

The Origin of Lead Ores . — There is very little lead 
that is found free but what there is of it as well as 
the ores that contain it were deposited in three chief 
ways: (1) the separate particles of it which were con- 
tained in rocks were sorted out and deposited in beds, 
pockets and crevices; (£) the heated waters washed 
th^ out of the igneous rocks, and (S) they were weath- 
ered out of the original ore. Nearly all of the lead that 
is found in the United States is sheet fillings in vertical 
crevices. 

The Occurrence of Lead Ores . — ^Lead as it occurs in 
ores is widely distributed throughout the world. There 
are several lead districts in the United States and the 
ores are also mined in Mexico, Srazil, Great Britain, 
Germany, Austria, Spain, the northern part of Africa, 
New South Wales, Tasmania and Queensland, Aus- 
tralia. The largest deposits in the United States are 
in the Coeur d’Alene district of Idaho and the Leadville 
district of Colorado. 

Kinds of Lead Ores . — There are three chief kinds 
of lead ores: (f) galena, {2) cerusite, and (S) angle- 
site. Galena (PhS) is a lead sulphide ore and it con- 
tains 86.6 per cent of lead. This high content makes 


The Coloaaeum in Home was not bo named because of its 
huge size but from a gigantic statue of Nero that stood near one 
of the entrances to it. 
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it the moat important lead ore. It nsaaJly baa some 
silver in it as well as traces of iron, copper, zinc, anti- 
mony and arsenic. It is the kind that is found in the 
rich Coeur d’Alene district of Idaho. 

Cerosite (FbCOa) is a lead carbonate ore and this 
contains 77.5 per cent of lead. It is found in the Lead- 
ville district of Colorado. Anglesite (PbSO*) is a lead 
sulphate ore and this is very poor as it contains only 
to per cent of lead and from 0.01 to 2 per cent 
of silver. 

There are several other ores whose lead content is so 
small that they can scarcely be classed as lead ores. 
Named they are (a) poromorphite {PbClt,SPbi{P 0 *) 2 ), 
and this is a lead chlorophosphate ore; (6) minnetrite 
iPbCh,SPbt{As 0 i) 2 ), a lead chloroarsenate ore; (c) 
crocoite (PbCrO*), a lead chromate ore, and (d) stolzite 
(PbWOi), which is a lead tungstate ore. 

The Physical Properties of Lead . — ^When lead is 
clean it has a bluish-gray color and is feebly lustrous. 
It has a specific gravity of 11 . and is so soft you can 
scratch it with your finger nail and cut it with your 
knife. It will make a bright black mark on a sheet of 
paper and as it was once used for marking we get the 
compound word lead pencil from it although these con- 
venient little implements have long since been made of 
graphite. Lead melts at a very low temperature and as 
it shrinks on cooling it cannot be used for castings un- 
less it is alloyed with antimony or bismuth. Finally, 
it is the heaviest of all the common metals. 

The Chemical Properties of Lead . — The symbol of 
lead is Pb and its atomic weight is 207.20. '\^en lead 
is ^posed to air it forms a film of oxide on the surface 
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and, different from iron oxide, it protects it from further 
attack. Pure water dissolves lead appreciably, but if 
the water contains small amounts of calcium carbonate 
hard water) a protective coating of lead carbonate 
soon lines the inner surface of the pipes covering the 
water. For this reason where a soft water supply 
comes through lead pipes it should be run off before 
using for either cooking or drinking purposes. Lead 
resists the action of acids to a greater extent than any 
of the other common metals and for this reason it is 
used to make apparatus for the manufacture of sul- 
phuric and other acids. 

Zinc, the Galvanic MetaL — Its Name . — ^We get the 
word zim from the German zirik and this is an abbre- 
viation of ziriken, a name coined by Paracelsus in 
16W. While zinc was known to the ancients they be- 
lieved that it and bismuth were one and the same thing. 
They called both of these metals spiauter from which 
we get the word spelter which is now used in the trade 
to mean zinc that has been cast in slabs at the furnace. 
Paracelsus described zinc as a bastard or semimetal and 
even Basil Valentine,^® an alchemist who thrived a hun- 
dred years after, plainly indicates in his book Holo- 
graphia that he did not know it was a distinct metal. 

To whom the honor is due of having actually isolated 
the metal is not known, but it is a matter of record that 
the smelting of zinc ores had begun in England in 17 SO, 

His real name was Theophrastus Bombastus von Hohenheim 
and he was a Swiss chemist and physician. He had much to 
do with the application of chemistry to pharmacy. 

16 His real name was Johann Tholde and he was a German 
chemist and physician. His writings show that he stood just 
about mjdipny between alchemy and modem science, 
lirln pablUhed in 1644. 
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while the first zinc works in continental Europe were 
started up in Li%e, Belgium, in 1801, and the first 
zinc made in the United States was in 1886. I have 
called zinc the galvanic metal because of its galvanic 
action when it is immersed in an electrolyte with an 
electro-negative metal. 

The Genesis of Zinc Ores . — ^Zinc ores are nearly 
always and very largely mixed with various other mate- 
rials, and they are foimd in deposits of several genetic 
types. Chief among these are the ores that are found in 
(J) sedimentary rocks which usually contain lead and 
iron, sometimes cadmium and manganese, and often 
arsenic, cobalt and nickel minerals ; (2') in veins of the 
ore associated with igneotis rocks, and disseminated 
sulphide replacements of igneous rocks; (S) igneous 
metamorphoic deposits that contain various other min- 
erals; (. 4 ) in metamorphosed deposits that have prob- 
ably been formed of any of the foregoing types; and 
finally, (5) residual clays. 

The Occurrence of Zinc. — Ordinarily, zinc is not 
found free but it is reported to thus occur in minute 
quantities in the northwestern part of Alabama and also 
near Melbourne, Australia. It is, however, abundant 
in various ores and these are distributed throughout the 
world. The richest zinc ore deposits are in the Joplin 
district and this embraces the adjoining corners of Mis- 
souri, Xansas and Oklahoma, the Coeur d’Alene district 
of Idaho, and the Leadville district of Colorado. It is 
also mined in New Jersey, Pennsylvania and Wisconsin, 
and there are great deposits of it in England, Belgium, 
Erance, Austria, Hungary, Spain and Sardinia. 

*iAiiy battery solution is called an electrolyte. 
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Kinds of Zinc Ores . — ^The two chief kinds of zinc 
ores are (1) sphalerite {ZnS) or zinc blende, which 
is a translucent zinc sulphide, and (2) calamine 
{ZntSiO*' HaO) or zinc spar, which is a hydrous zinc 
silicate. Sphalerite is called by the miners mock ore, 
false lead and black jack because while it looks like 
lead ore it does not contain any lead ; it does, however, 
contain 67 per cent of zinc. In the early days of zinc 
mining zinc ores of all kinds were called calamine but 
this was finally given to the ore that has the above 
formula. Not so long ago it was the chief ore but it 
has since lost its place to sphalerite. Calamine contains 
5J^.2 per cent of zinc. 

Other zinc ores are wiUemite (ZmSiOt) which is 
a zinc silicate and contains 68.5 per cent of zinc ; hydro- 
zincite (ZnC0»'2Zn{0H)t) with 60 per cent of zinc; 
zincite (ZnO), or red zinc ore, which is a zinc oxide 
that has 80.S per cent of zinc, and franklinite 
{ZnFeaOi) which has a variable amount of zinc in it. 

The Physical Properties . — The specific gravity of 
zinc is 7 to 7.2. This metal has a bluish white color 
with a fairly good luster when polished and a high luster 
when firaptured. When a surface that has been frac- 
tured is examined with a microscope it is easily seen 
that it is made up of six-sided crystals and, it follows, 
they belong to the hexagonal system.** For this reason 
a bar of zinc will, like tin, make a crackling soimd 
when it is bent 

Zinc is quite soft but hard to file as the particles 


ssFor the difTerent systems of crystals see my Book of the 
MioroocopOf published by D. Appleton and Co., New York and 
London. 
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that are lemoved clog up the teeth. It possesses the 
peculiar property of being quite brittle at ordinary tem- 
peratures but it becomes malleable and ductile when it 
is heated to 150° C., or so, and it can then be rolled 
into sheets or drawn into wire. On being heated to 



Fig. e. — Zmo Casting or an Objet d’Axt 
(Courtesy of New Jersey Zinc Co.) 


S00° C., or more, it again becomes brittle. (See Fig- 
fire 9.) 

The Chemical Properties of Zinc. — The symbol of 
zinc is Zn and its atomic weight is 65.18. Zinc is 
not acted on by dry air or oxygen at ordinary tempera- 
tures but when exposed to moist air the surface of it is 
attacked, and a film of grayish-white carbonate of 
zinc is formed on it which protects it firom any further 
corrosion. When zinc is heated in air to a point where 
it is about to boil, it will catch on fire and bum with a 
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bright bluish-green color. The result of this reaction 
with oxygen is to produce zinc oxide {ZnO) which 
forms dense cloudlets in the air; the ancients called the 
latter pompholyx, the alchemists named it lana phUo- 
sophia, or philosopher's wool, but to us modems it is 
simply zinc white. 

If you immerse a rod of pure zinc in a solution of 
dilute sulphuric acid the reaction between them is very 
slow and the hydrogen gas that is given off is so small 
it cannot be seen. Having made this experiment, follow 
it up by immersing a rod of copper, or carbon, or other 
electro-negative element in the electrolyte and then con- 
nect the ends of the rods with a piece of wire when 
the zinc wiU rapidly dissolve, hydrogen will be set free, 
zinc sulphate will be formed and a current of electricity 
will be set up. 

Nickel, the Hard Metal. — The Devil has been 
called many names in his time but one of the most 
genteel is that of the Old Nick, or just Nick for short 
This is, curiously enough, where we are supposed to 
get the word nickel from and here is the way it came 
about. The good Swedish people coined the word Kup- 
pemickel for copper and nickel when these two metals 
were mixed together, which was their way of saying 
copper-devil because it was supposed to be a false copper 
and, it follows, the Devil’s own metal. Another alleged 
origin of the name is that it came from Hnikill, an 
Icelandic word which means a lump or hadl. Nickel 
was discovered to be a metal by A. F. Cronstedt, of 
Sweden, who successfully isolated it in 1761, but it was 
not until T. 0. Bergman, also of Sweden, found it to 
be an element that it was known to be a distinct metal 
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The Occurrence of Nickel . — ^Free nickd is very 
rarely found but grains of it are occasionally discovered 
along rivers, and, after iron, it is the chief metallic 
element in meteorites. There are some good sized de- 
posits of its ores in various parts of the world, the 
largest being in New Caledonia, and in the Sudbury 
District of Ontario, Canada. Other profitable deposits 
are those in Great Britain, Norway, Sweden, Saxony, 
Bussia and Spain. There is very little nickel mined in 
the United States. 

Kinds of Nickel Ores . — ^Nickel is foimd in varying 
amounts in different kinds of ores, the two chief ones 
being (I) pentandite ((NiCuFe)82) which is a sul- 
phide of nickel, copper, and iron and has about 22 per 
cent of nickel in it. This is the kind that makes up the 
deposits of the Sudbury district and much of this is 
produced as a natural alloy called monel metal; ** and 
{2') gamierite {2{NiMg)i8u0it,SH20), a silicate of 
nickel and magnesium, and which contains from 5 to 
20 per cent of nickel; this is the kind that forms the 
deposits of New Caledonia. 

The other principal ores are (J) niccolite (NiAs), 
an arsenide of nickel which contains ^3.9 per cent of 
nickel; (j2') gersdorffite (NiAs8), a sulpharsenide of 
nickel with S5.Jf per cent of nickel in it, and (5) pyr- 
rhotite (Fe8) which is a sulphide of iron and often 
contains a little nickel. 

The Physical Properties of Nickel . — ^Nickel is a lus- 
trous metal with a silver-white color which has a yel- 
lowish tinge, and its specific gravity is 8.8. It is very 
hard, malleable, ductile and tenacious, and takes a high 


•• See Chapter XTV. 
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polish. It is one of the few magnetic metals and, like 
iron, it loses this property when heated. It has a high 
melting point which varies somewhat but is about 
C. (See Figure 10.) 

The Chemical Properties of Nickel . — ^The atomic 
weight of nickel is 68.68. This metal does not corrode 
in dry air and very slowly in moist air. It displaces 
hydrogen very slowly from dilute acids and reacts with 
nitric acid. It combines with oxygen to form two oxides 



Via, 10. — ^Thk 8cbeen Grid of a Radio Tube Is Made of 
Kioiaz. 

and these are ( 1 ) nickel monoxide (^NiO), and (S) 
nickel sesquioxide (NuOa). Ammonium nickel sulphate 
(^Ni(NH*)2(80t)2,6H20) is the most important nickel 
salt and this takes on the form of brilliant green-colored 
crystals. 

Tungsten, the Heavy MetaL — Its Name . — The 
Swedish word for heavy is tung and that for stone is 
sten and there you have the origin of the name tungsten. 
Obviously, the metal was so named because it and its 
ores are very heavy. 

Its Occurrence . — ^Tungsten is found free in small 
amounts in veins and placer deposits but its chief 
source is in the mineral scheelite, which is tungstate of 
calcium (CaWOt), and wolfram, or wolframite as it is 
also called, which is tungstate of iron and manganese 
(FeMn)'WOi). Tungsten and its ores are found in 
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Colorado and in the Black Hills of Dakota, while 
Portugal and Burma are also important producers. The 
minerals that contain tungsten are nearly always found 
in tin ores and until the middle of the eighteenth cen> 
tury they were believed to be ores of tin. 

Its History . — In 1781 the Swedish chemist Scheele 
showed that scheelite contained an unusual acid to 
which he gave the name tungstic acid (W 0 z^ 20 ). 
Then in 1783 the brothers d’Elhuyar, of Spain, proved 
that this acid was also contained in wolfram and by 
heating this mineral with carbon they were able to 
isolate the metal. 

Its Physical Properties . — Tungsten is a bright steel- 
gray metal and is a very heavy one having a specific 
gravity of 16.6. It is exceedingly hard and brittle and 
has a high melting point, SS02 degrees centigrade, or 
6976 degrees Fahrenheit. Tungsten is not ordinarily 
ductile but a process was devised by Coolidge so that it 
could be drawn into wire for incandescent lamps. 

Its Chemical Properties . — The symbol for tungsten 
is W from wolfram, as it was at first called, and its 
atomic weight is 181t.O. When tungsten combines with 
oxygen the oxides WO*, and WO» and W 2 O*, which is 
the sesquioxide, are produced. When the trioxide 
(WO») combines with water tungstic acid is formed 
and when this combines with bases a series of salts re- 
sult which are called the tungstates. Finally, when the 
metal combines with chlorine the chlorides WOZ*, WOZ*, 
WOZ* and WOZe are formed. 

Chromium, the Bright Metal — Its Name . — This 
metal gives four distinct kinds of compounds and nearly 
all of tham are colored. Now the Greeks used the word 
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kroma for color and when the metal was isolated from 
its compounds it was given the Meo-Latinized name of 
chromium. 

Its Occurrence . — Chromium does not occur free in 
nature except in meteorites along with iron. It is 
found chi^y in various minerals, one of which is fer- 
rous chromite, a mineral composed of iron, chromium 
and oxygen (Fe(Cr02)2). It is also found in crocoite, 
which is chromate of lead (PbCrO*). The larger 
amounts of the first named mineral comes from Rho- 
desia and New Caledonia, while the latter comes from 
Siberia. 

Its History . — ^It was first discovered by Vauquelin, 
a French chemist, in 1797, in a specimen of the mineral 
crocoite from Siberia- 
ns Physical Properties . — Chromium is a very hard, 
brittle metal of a grayish white color and has a 
specific gravity of 6.8. It comes in the form of a 
powder, each granule of which consists of a lustrous 
crystal. It is a very refractory metal, having a melting 
point of 1520 degrees centigrade, or 2768 degrees 
Fahrenheit, which is higher than that of platinum. 
(See Figure 11.) 

Its Chemical Properties . — The symbol for chromium 
is Cr and its atomic weight is 52.0. It does not 
oxidize in air but will bum in oxygen and when it does 
so it gives green chromic oxide (CrtOt). Chromium 
produces two chromous salts, which are chromous chlo- 
ride (CrCli) and chromous sulphate (CrSO*) ; two 
chromic salts, which are chromic sulphate (Gr{80*)i), 
and chromic chloride {CrCU ) ; two chromates, both of 
which are derivatives of chromic acid {HtCrO*), 
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namely, potaasium chromate (KtCrO*) and sodium 
chromate (NotCrOtjlOHtO ) ; and, finally, the dichro- 
matea which are potassium dichromate (KtCrzOr) and 
sodium dichromate {N(h.CriOij$HiO). 



Fig. 11 . — Automobile Headlights Made of Chbomium Steel 
The cap is made of chromium steel; the mud guards of mild 
steel; the hub cap of aluminum; the horn of pressed steel; and 
the bumpers of chrome nickel steel. 

Mercury, the Liquid MetaL — ^While the discovery 
of free mercury was made in prehistoric times, there 
is nothing to show that primitive man made use of it. 
The ancient Romans called it hydrargyrum and this 
cute little name they made up of the Latin roots hydra 
which means water and gyram meaning silver, that is 
silver water. Some SOO years b.o., Theophrastus ex- 
plained how he had extracted it from the mercurial ore 
called cinnahar by putting the latter in a copper vessel 
and rubbing it with vin^ar, and about a hundred years 
later Dioscorides did the same thing by heating the ore 
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wkh dumoil in an iron pot PUny the tdio 
lived in the aeoond emtary xn, tboa^ that free met- 
eury and that wbieh was extracted from cinnabar were 
somewhat different so he called the former argientum 
vivum whidi means live silver (and this is where we 
get the name quiclesUver) and the latter hydrargyrum. 

It was the alchemists who called it mercury after the 
planet of that name, for they must needs mix a little 
astrology with their alchemy. They swore by and at 
this liquid metal for they believed it was one of the 
components of every other metal and, it follows, they 
could extract the more precious metals from it — ^that is 
if they only knew how to do it. 

Some of the alchemists believed it was a metal but 
more of them considered it to be a semimetal, and this 
uncertainty remained in status quo until 1759 when 
Q. Braune, of Germany, solidified it by cooling it with 
a freezing mixture when its metallic properties were 
readily recognized. 

The Genesis and Occurrence of Mercury. — ^While 
mercury is foimd free in small amounts it is contained 
in various ores in considerable quantities. The largest 
ore deposits in the world are those in the coast range 
district of California and the more recently discovered 
one at Terlingner, Texas. Europe also has profitable 
ore deposits, the chief ones being at Almaden, Spain; 
Idria, Austria, and in Voltata-Sagron and Tuscany, 
Italy. 

Kinds of Mercury Ores. — ^The chief mercury-bearing 
ore is cinnabar (HgS), which is a red mercuric sul- 
phide and contains 8£.S per cent of mercury. Other 
ore% or rather minerals, which contain it are (a) mon- 
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trc^dite (HgO), which is mercuric oxide; (6) mer- 
curial tetrahedrite (^SCut8,SbtO$) which, as its formula 
shows, is composed chiefly of copper, antimony and 
sulphur, but which contains some mercury; (c) colo- 
radoite (^EgTe), or mercuric telluridej tiemannite 
(^EgBe") aselenideof mercury, and onofrite (Hg(8,8e)'). 

The Physical Properties of Mercury . — ^Mercury is a 
heavy white liquid metal at ordinary temperatures and 
it has a silvery metallic luster. Its speciflc gravity is 



Fig. 12, — Mebcuby Thebmometeb 

13.56 at 150° C. It will not wet glass, porcelain or 
other objects which come in contact with it. All of the 
ordinary metals, with the exception of iron and plati- 
num, will dissolve in it. It freezes at 39° C., and when 
in its solid state it is soft, malleable and ductile. When 
in this condition it exhibits crystals that belong to the 
cubic system. (See Figure 12.) 

The Chemical Properties of Mercury. — The symbol 
for mercury is Eg and its atomic weight is 200.61. 
Air does not react with mercury at ordinary tempera- 
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tores but if the metal is heated to nearly its boiling 
point it will combine with the oxygen of the former 
and form red mercuric oxide. This action is curiously 
enough reversible and when the compound is heated to 
a higher temperature it is decomposed and the mercury 
and oxygen are then set free. This is a very important 
reaction for it is the one which enabled Priestley to 
discover oxygen. 

Aluminum, the Light Metal. — ^In the old Eoman 
days the physicians and dyers used a kind of a salt 
which they got from the volcanic deposits on the coast 
of the Mediterranean, and which they called alumen. 
The alchemists of the Middle Ages seemed to have over- 
looked this salt entirely for nothing more was heard of 
it until along in the eighteenth century. Then it was 
found that it, or a salt very like it, could be made by 
the interaction of sulphuric acid and clay. This salt 
was called alumine in French and alumina in English. 

Davy believed that alumina contained a metal and 
in 1812 he tried to isolate it but could not do so. 
Nevertheless, he gave the name of aluminum to the then 
hypothetical metal. Wohler was the first to isolate 
almninum, as we call it over here, or aluminium as it is 
called in Great Britain. The way he obtained it was by 
heating alumina with sodium chloride with the result 
that the metal was separated out from the compound 
in the form of minute globules. 

In ISSlf. Bunsen obtained it by electrolysis but it was 
a very expensive process, and the next year {1866) 
Deville, a French chemist, extracted it chemically and 

M Priestley vras an English clergyman, chemist, physicist and 
author who lived from 1733 to 1804. 
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with less trouble and at smaller cost. It was not, how- 
ever, until 1886 when C. M. Hall, of the United States, 
discovered that aluminum oxide, which is the chief con- 
stituent of iauxitCj an ore, could be electrolyzed in a 
solution of double fluoride of aluminum, which forms 
the mineral cryolitej that the metal could be made on 
a large scale and at a low price. Prior to the introduc- 
tion of this method aluminum cost about $5.00 per 
pound but the price has continued to drop until it now 
costs only £0(^ a pound. 

The Genesis of Aluminum Ores . — There are inex- 
haustible supplies of aluminum in common clay and 
there are several explanations of how it got there. The 
two chief hypotheses are (f) that syenite, which is 
a volcanic rock, was first weathered to clay, or kaolin 
as it is called when it is pure, and the upper and more 
porous part of this was converted into bauxite/^ which 
is the principal ore from which aluminum is obtained, 
by the waters that circulated on the surface, and 
{2) that the bauxite was formed by the action of hot 
water on the syenite. 

The Distribution of Aluminum Earths . — Since clay 
is formed chiefly of aluminum oxide, or alumina as it 
is called, it is obvious that it is found in every country 
on the face of the earth ; but while this is true it must, 
however, be obtained from some source which contains 
it in such a condition that it can be easily and cheaply 
extracted. Now the material that fulfills these require- 
ments is bauxite and over three-fourths of it that is 
mined in the United States comes from Arkansas and 

So called because it was first found at Les Baux, near Arles* 
in southern France. 
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the remainder from Teimeasee and Alabama. The 
aluminum mineral cryolite *• or ice-stone, as it is popu- 
larly known, is found in Greenland as a gigantic dyke 
of granite. 

Kinds of Aluminum Ores . — There are three chief 
kinds of aluminum ores and these are (i) bauxite, 
(2) corundum, and (S) cryolite. As I mentioned above, 
bauxite {AUOzJiHiO), which is hydrated silicate of 
aluminum, is the principal ore and it contains S9 per 
cent of the metal. Corundum {AhOi) which is an 
oxide of aluminum, contains BS.S per cent of the metal, 
but as this ore is the hardest known substance next to 
the diamond, it is very valuable as an abrasive and, it 
follows, it is not used as a source for obtaining 
aluminum. 

Finally, cryolite (SNaF,AlFz) which is a double 
fluoride of sodium and aluminum, is a mineral rather 
than an ore as it contains only 12.8 per cent of alumi- 
num. It is, however, used in large quantities in the 
extraction of aluminum from bauxite. Many gems are 
formed entirely of aluminum compounds with a little 
oxide of some other metal thrown in to give them color. 
Thus the ruby and sapphire are oxides of aluminum, the 
garnet is a double silicate of calcium and aluminum, 
the turquoise a hydrated phosphate of aluminum, etc. 

The Physical Properties of Aluminum . — ^Aluminum 
is a silver-white metal with a bluish tinge and it takes 
a hi^ polish. It has a specific gravity of 2.6, is very 
ductile and can be drawn into the finest wire and, next 
to gold is the most malleable of all the metals, while in 

MXliis is found in white clesvable masses that have a waxy 
luster. 
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tenacity it is a close second to iron. When rolled or 
hammered it becomes nearly as hard as iron and, it fol- 
lows, its density is increased. It is the lightest of the 
common metals and when struck it gives out a very 
clear, sweet ringing sound. It is a good conductor of 
heat and next to copper it is the best conductor of elec- 
tricity. (See Figure IS.) 



Fig. 13. — Utensils Made op Aluminum 


The Chemical Properties of Aluminum . — The symbol 
for aluminum is AZ and its atomic weight is 26.97. 
When aluminum is exposed to air it combines with the 
oxygen of the latter and the resultant compound, which 
is aluminum oxide {AhOi), or alumina, forms a film 
on it and this protects the metal from further oxidatiom 
Wnben aluminum is ignited in the presence of oxygen 
it bums with a very bright flame and develops a very 
high temperature. If the metal is powdered, then mixed 
with the oxide of some other metal and ignited, it will 
burn violently and with sufficient heat to extract the 
metal from its oxide, while the aluminum is converted 
into alumina. This is the basis of the thermite process 
of welding and the extraction of metals from their 
oxides which you will find described in Chapter XIY. 
■When alumina is meltsjJ tw^an electric furnace it 
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forms a synthetic corundum which is called alundum 
and this is equally as good an abrasive as the natural 
product. As stated above when the metal is heated with 
a trace of the oxide of some other metal to give it the 
desired color, synthetic rubies, sapphires, etc., are pro- 
duced.*^ Aluminum reacts but very slowly with cold 
sulphuric and nitric acid but it dissolves very quickly 
in hydrochloric acid. 

Cobalt, the Goblin MetaL — ^Most of the common 
metals came by their names in rather curious ways but 
cobalt in the most curious of all, as the following goes 
to show. In the Middle Ages the cobalt contained in 
its ores was often thought to be iron and when the 
alchemical metallurgist tried to extract the latter — as 
he thought it was — ^from it he failed because cobalt has 
an exceedingly high melting point. According to his 
way of thinking, this untoward result was not due to his 
own ignorance but to an evil spirit which the Germans 
called Edbold and which was a distant relative of the 
goblin of the English. So it was for this reason, then, 
that when the metal was finally extracted it was called 
cobalt. The metal was first isolated by G. Brandt in 
17 SS. 

The Genesis of Cobalt Ores . — ^The theories which 
have been put forth to account for the presence of cobalt 
ores are the same as those already given for nickel, as 
these metals are nearly always found together. More- 
over, when the ores are melted the two metals are 


process of making synthetic gems is fully described in 
my Ewperimental Ohetnutry, published by D. Appleton and Oom- 
pany, Nefw York. 
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allowed to go into the same matte and are separated 
later on when they are refined. 

Kinds of Cobalt Ores . — Cobalt is found free in very 
minute quantities in meteoric iron. Now it is strangely 
curious that the metal should not only he found asso- 
ciated with nickel but that its ores nearly always contain 
arsenic. The two chief cobalt ores are (1) cobaltite 
and (2) smaltite. Cobaltite {CoAsS) is a sulpharsenide 
of cobalt and contains SS.Ji- per cent of cobalt; while 
smaltite (CoAsa) which is an arsenide of cobalt has 28 
per cent of cobalt in it. 

Other cobalt ores are linnaeite (CotS*), a sulphide of 
cobalt, which contains 21.8^. per cent of cobalt and 30,53 
per cent of nickel; erythrite {CosAstOt,3HiiO) or cohcdt 
bloom as it is called, is a hydrous arsenate of cobalt, which 
carries 57..47 per cent of cobalt; cobaltarsenopyrite 
(^(FeCo')AsS)y or arsenical pyrite or mispickel as it is 
called, is a sulpharsenide of iron; it has only 6 to 26 
per cent of cobalt in it and often contains nickel and 
gold; and finally, skutterudite (CoAst), which is cobalt 
arsenide and contains 88.2 per cent of cobalt. 

The Physical Properties of Cobalt . — Cobalt is a 
silver-white lustrous metal with a slightly pinkish tinge 
and has a specific gravity of 85.89. It is about as hard 
as nickel, is very tenacious and has a high melting point. 
It is magnetic at all temperatures up to 1150° C., and 
when this point is reached it becomes nonmagnetic. 

The Chemical Properties of Cobalt . — The symbol of 
cobalt is Co and its atomic weight is 38.9^.. Cobalt is 
not affected when exposed to air or water at ordinary 

This is composed of the crude metals combined with more 
or less sulphur and requires further purification. 



58 


THE METALS 


temperatures and it is only slightly oxidized by them 
when it is heated to redness. It is not attacked by 
alkali solutions but it dissolves slowly in nearly all 
dilute acids and reacts readily with nitric acid. 

Antimony, the Expanding MetaL — ^Long before 
antimony was known as a metal the ore that we call 
stibnite {SbtSt) which is a native antimony trisulphide 
was discovered by prehistoric man. Stibnite is men- 
tioned in the Old Testament and it was evidently used 
by the dear young things in those early days as an all- 
round paint and beautifier for the eyes. Basil Valen- 
tine, the alchemist of the Middle Ages, explains the 
process he used to extract the metal from its ore, but 
as he does not say that he was the first to do so we 
must infer that it had been done before him. 

The Genesis of Antimony Ore. — Free antimony has 
been found in very small amounts in various silver- 
lead ores. Stibnite is occasionally found in replace- 
ment deposits but generally it occurs along with quartz 
and calcite in veins that cut through igneous, sedimen- 
tary and metamorphoric rocks. 

The Distribution of Antimony Ores. — The places 
where antimony is found in its free state are in Sala, 
Sweden ; Allemont in the Hautes Alps, in France, and 
Sarawak, in Borneo. There are deposits of stibnite in 
Arkansas, Hevada, California, Utah, Montana, Oregon 
and Washington, and also in France, Italy, Spain, 
Portugal, Algeria, Czechoslovakia, South Africa, Aus- 
tralia and China. This last named country is the 
largest producer of stibnite ore. 

Kinds of Aniimony Ores. — ^Antimony occurs chi^y 
in stibnite (SbzSt) which is a sulphide of the metal. 
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and this is the ore that it is almost wholly obtained 
from. It is found to a lesser extent in various 
minerals as sulphides of antimony and copper, and 
among these are wolfsbergite (Cut8,8bt8s), boulangerite 
{6Pb8j£8b28»), and pyrargyrite (SAg28,8bt8»). 

The Physical Properties of Antimony . — ^Antimony is 
a hard, silver-white metal with a slightly red tinge. It 
is crystalline, very brittle and expands on cooling. It 
is a poor conductor of both heat and electricity. It has 
a specific gravity of 6.72 to 6.86. It is allotropic, 
that is to say there are two kinds of it, namely the stable 
kind and the unstable kind; the latter is known as 
explosive antimony and was discovered in 1858 by Gore, 
who produced it by an electrolytic process. It is so 
unstable that when it is scratched it explodes violently 
and develops a large amount of heat. 

The Chemical Properties of Antimony . — The symbol 
of antimony is Sb and its atomic weight is 128.27. 
Ordinary antimony, that is, the stable kind, does not 
readily oxidize in air at ordinary temperatures but 
when it is heated in oxygen it bums and forms anti- 
mony trioxide (8bi8a). When heated to redness it de- 
composes steam and it bums in chlorine. It combines 
directly with sulphur and phosphorus and when heated 
with various oxides of metals, such as litharge, mercuric 
oxide, manganese dioxide, etc., it is easily oxidized. 

Dilute hydrochloric acid has no action on antimony 
but it reacts with warm concentrated sulphuric acid and 
forms antimony sulphate (^8b2(80i)»). Nitric acid re- 
acts with this metal and the oxide obtained depends on 
the temperature and concentration of the acid. It 
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unites directly with the halogen family ** and in many 
respects it reacts like arsenic in the formation of diemi- 
cal compounds. (See Figure 14^.) 

Bismuth, the Brittle Metal. — The origin of the 
word bismuth is not definitely known. There are no 
references to it by the ancients and the first mention of 
it I have been able to find is that of Basil Valentine 
who, in 1450, called it wismut. Then Georgius Agri- 
cola, in 1860j or thereabouts, referred to it as ivismuth 



and later this was Latinized to bismuium. N. Geoffrey, 
in 17 5S, was the first to actually describe this metal and 
it was verified by Johann Potts in 1769. Finally, Olaf 
Bergman, about 1780, investigated its properties and 
ascertained its chemical reactions. 

Ths Genesis of Bismuth Ores. — This metal is foimd 
free in small amounts in copper, lead, cobalt, silver and 
gold ores, and practically all of the bismuth that is used 
in the United States is obtained as a by-product when the 
ores of these metals are smelted. There are, however, 

**For a d«8criptioB of tliia very odoriferoiu though uaefol 
putative family eee my Baperimental Chemistry, published 1^ 
D. Appleton a^ Company, Kew York. 
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some bismuth ores that occur in veins which traverse 
deposits of clay, slate and gneiss. 

The Distribution of Bismuth Ores. — Since bismuth 
is associated with other metals in their ores it follows 
that it is widely distributed throughout the world. The 
ores of the metal are found in Connecticut, California, 
Ontario, Mexico, Bolivia, England, Bohemia, Saxony, 
Norway, Spain, Rhodesia, Siberia, New South Wales, 
Australia, China and India. Bolivia is the chief com- 
mercial source of the supply for the world outside of 
the United States. 

Kinds of Bismuth Ores. — ^The chief kinds of ores of 
this metal are (1) bismuthite; (£) bismutite, and 
(5) bismuthine. Bismuthite (BiiOz), or bismuth ochre 
as it is called, is an oxide of bismuth and contains 96.6 
per cent of the metal. Bismutite {BuOsjHzCOt) is a 
bismuth carbonate, and it has a content of 80 per cent of 
the metal; bismuthine (BuSa) or bismuth glance, is a 
trisulphide of bismuth and contains 81.2 per cent of the 
metal. 

The Physical Properties of Bismuth. — This metal is 
grayish-white with a reddish tinge and has a specific 
gravity of 9.8. It is crystalline and very brittle and, 
like antimony, it expands when cooling from the melted 
state. It is a very poor conductor of heat and elec- 
tricity, and is the most diamagnetic of all substances, 
a suspended ball of it being appreciably repelled by a 
magnet. 

The Chemical Properties of Bismuth. — The symbol 
of bismuth is Bi and its atomic weight is 208. Dry 
air at ordinary temperatures has very little effect on 
bismuth but in heated or in moist air the reaction is 
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moie pronounced. When heated to a bright red it hums 
with a bluish flame and combines with the oxygen of 
the air, forming bismuth triozide (BiaOt). If the 
trioxide is dissolved in a solution of caustic potash, and 
nitric acid is then added to it, a precipitate is formed ' 
and this is bismuth peroxide {BuOs). Bismuth com- 
bines directly with the halogens and also with the ele- 
ments of the sulphur group. 



CHAPTEE m 
THE NOBLE METALS 

It was the alchemists of old who first called those 
metals that resisted the action of the air, and, it fol- 
lows, retained their luster when exposed to it, the noble 
metals. Now it goes without saying that in the royal 
register of the metals, gold, silver and platinum headed 
their list, but they often included copper and mercury 
in it as well and later on rhodium and palladium were 
sometimes given a place. 

Gold, the King of Metals. — Gold is a prehistoric 
metal and, as I have mentioned in the first chapter, it 
is believed by some writers on pristine metallurgy to 
have been the first metal ever known to man. This idea 
is based on the premises that (f) it is the only one of 
the prehistoric metals which is generally found free, 
and (2') that ornaments of it have been discovered 
which are believed to antedate anything that was made 
of copper. 

How Gold Got Its Name . — ^When the early Greeks 
spoke of gold they called it hhros which means yellow 
and the ancient Eomans called it aurum which means 
greemsh^eUow. Derivations of both of these classical 
names are used to-day in chemical nomenclature and 
the abbreviation Au of the latter word is used as the 
symbol foy gold. The Anglo-Saxon name for the King 
of Metals is gold and this, of course, is where we get 

the word from. I have not been able to trace it back 
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any farther than to our English antecedents but it is 
more than likely that it came down to them in some 
degenerate way from the word yellow. 

The Genesis of Gold and Gold Ores . — Gold is found 
both free and in ores. There are minute quantities of 
it in sea water ^ and it occurs in nearly all rocks. It 
exists in two forms: (f) free in sand and gravel which 
have been produced by the weathering of rocks that 
contained it, and this is known as alluvial gold, and 
{2) Mnbedded in solid rock, when it is called reef gold. 
Gold in this form is generally encased in a matrix of 
quartz or quartz lode as it is termed. 

In the alluvial deposits, or placers as they are called, 
the gold is found as (a) small roimded grains and little 
flakes, and this is what the miners call gold dust, and 
(h) larger masses or chunks of it which have mam- 
millated* shapes and these are called nuggets. The 
largest nugget that has ever been found was the Weir 
come Stranger; it was picked up out of a rut made by 
cart wheels in Victoria, Southern Khodesia, South 
Africa, and it weighed 2520 ounces. 

The Ea/rly History of Gold . — The ancient Egyptians 
used large amounts of gold and they got most of it 
from deep mines in their own country, which they 
worked with slaves under the most inhuman and re- 
volting conditions. Croesus, the richest man that ever 
lived, if we except Henry Ford, John D. Rockefeller, 
and two or three hundred other modem millionaires, 

1 There are from 5 to 267 f«rta of gold in 10 , 000 , 000,000 parte 
of water. This very small proportional amount of gold would 
total 10 , 000 , 000,000 tons in all of the sea water on the earth. 

*That is, nipple-dwped. 
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had his gold mines in that part of Asia Minor where 
the River Pactolus flows, or as it is now called, the 
Bagoli River. The Romans obtained much of their 
gold from Transylvania, then a place in Hungaty, but 
which is now a central division of Roumania, and they 
also got some from the gold districts of Greece, Spain 
and India. 

The Distribution of Gold and Gold Ores . — Gold is 
found either free or in ores in nearly every country on 
the face of the eartL After the Americas were dis- 
covered Peru, Chile, Mexico, Brazil and Bolivia sup- 
plied the Old World civilizations with practically all of 
the gold that was used. Then in 181^8 the yeUow metal 
was discovered in California, in 1851 in New Zealand 
and, finally, in 1898 the rich placers of the Klondike 
in Canada, and in Nome, Alaska, were opened up, when 
the mad rushes to these new gold outposts were made. 

The last of the goldfields to become famous were those 
of the Transvaal, in South Africa, and these have been 
the source of the world’s richest supplies ever since the 
Boers lost their independence in 1910, when the South 
African Republic became a British Colony. Besides 
the above-named places, Colorado, South Dakota, Mon- 
tana, Idaho, Nevada, Arizona, and other states have rich 
deposits and Russia and India are also important pro- 
ducers of the metal. 

Kinds of Gold Ores . — Gold in ores usually occurs as 
free gold and in this case it is mechanically mixed* 
with any one or more of several metals, the chief ones 
of which are iron, copper, mercury, bismuth, silver, 
tellurium, palladium and rhodium. When mixed with 
BThat iS| they are not combined chemically. 
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silver it forms a natural alloy called eUetrium. In. 
ores where it occurs as a chemical compound, it is gen> 
erally associated with tellurium. 

The three principal ores which contain gold-tel- 
lurium compounds are (Jf) calverite, (2) sylvanite and 
(S') nagyagite. Calverite (AuTet), which is a bronze- 
yellow telluride, contains about ^ per cent of gold. 
Sylvanite (AuAgTet), or graphic tellurium as it is 
called, is a steel gray, gold-silver telluride and this con- 
tains up to 28 per cent of gold and some silver; and 
nagyagite* (Au2Pbi*SbtTei8i’i), which is a lead and 
gold sulphide and telluride with some antimony mixed 
with it, has a content of about SO per cent of gold in it. 
Gold is also often associated with iron pyrites (FeS») 
and galena (Pb8). Sometimes the latter ore also con- 
tains some silver and when this is cupeUated, that is 
refined in a cupel, the small amounts of both of these 
noble metals are recovered. 

The Physical Properties of Gold . — Gold is a very 
soft metal with a characteristic yellow color and bril- 
liant luster. It is a very heavy metal having a specific 
gravity of 19.27. It is the most malleable and ductile 
of all the metals and this is shown by the fact that it 
can be hammered into leaf 0.00001 millimeters thick, 
and 1 gram of it can be drawn into a wire 2 miles long. 

Its density and, it follows, its hardness and specific 
gravity, depends somewhat on whether it is cast or 
wrought, that is it is less dense, less hard and has a 
lower specific gravity when it is cast than when it is 
wrought. Gold is a good conductor of both heat and 
electricity, its conductivity being about % that of pure 


4 Pronounced nod'^c^git. 
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silver. When it is brought to a high temperature it 
volatilizes easily and the vapor of it has a puiple color. 

Finally, gold can be treated by electrolysis so that it 
becomes very porous when it can be welded at ordinary 
temperatures, and in this form it is called sponge gold 
or dental gold. (See Figure 15.) 



Fia. 16 . — The Mask of Tht-ahk-auzh Maimc of Solid Gold 

The Chemical Properties of Cold . — The symbol of 
gold is and its atomic weight is 197.2. Gold is one 
of the least active of the metals and it is not attacked 
by air or water whatever the temperature of these may 
be. It will not react with either nitric, sulphuric or 
hydrochloric acid but it will dissolve in aqua regia. 
This is formed of 1 volume of nitric acid (HNOt) and 
2 volumes of hydrochloric acid {HCl-\-HiO) and when 
these acids are mixed a reaction takes place between 
them and nitrosyl chloride {NOCl) is produced and it 
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is the chlorine of this which reacts on the gold. Bro- 
mine iodine and fluorine, which belong to the same 
family as chlorine, i.e., the halogens, will also interact 
with gold and produce what is called the gold halogen 
compounds. 

Eor many many years o^uo regia was the only 
known solvent for gold hut in more recent times it has 
been found that either selenic acid or telluric 

acid {HzTeOtJlHiO') will also dissolve it. So also 
will a dilute solution of potassium sulphate (KiSOt)^ 
potassium cyanide (KCN) and cyanogen bromide 
(NCBr). 

What is called fulminating gold (£Au(NH»)a‘H20)f 
which is one of the discoveries of the alchemists,® is 
a gold powder that explodes when it is struck, and it 
is made by precipitating gold chloride with ammonia. 
Purple of Cassius is the name given to a dye which was 
first prepared by Alexander Cassius and described by 
him in 1685. It is a purple precipitate that is made 
by the interaction of gold chloride with stannous and 
stannic chlorides.® The precipitate which is thrown 
down is a tin oxide and finely powdered gold. 

Colloidal gold consists of minute particles of gold 
suspended in water and it can be made by forming an 
electric arc between a pair of gold wire electrodes in 
pure water. Liquids of various colors, depending on 
the process of the particles, or dispersion as it is called, 
can be thus formed. 

The Tranamutaiion of the Baser Metals into Gold . — 
The alchemists of the Middle Ages had two pet schemes 


■It was described by Basil Valentine in 1644. 
■ These are tin compounds. 
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and these were (1) to tranamnte, that is to change, 
the baser metals into gold, and (£) to make an aliTii- 
of life which would render iLe human race imninTiw 
from death. While they did not get very far forward 
with either of these two worthy desires, the experi- 
ments they made nevertheless paved the way for mod- 
em chemistry. 

The belief that the baser metals could be transmuted 
into gold has persisted from the Middle Ages to the 
present time and so various processes for the accom- 
plishment of this mighty achievement crop up with 
clocklike regularity. On superficial examination, how- 
ever, it is found that in every case of the alleged dis- 
covery there is a catch in it. Thus, one of the favorite 
schemes is the apparent transmutation of mercury into 
gold and, surely enough, when at the end of the opera- 
tion the mercury is gone a button of gold is found to 
have taken its place. The result, though, could not 
well be otherwise for the mercury contained the gold 
before the all^d reaction took place and when the 
former was distilled off the latter was bound to remain 
behind. 

The Latter-Day Transformation of One Element into 
Another. — Curiously enough, the alchemists of old were 
almost right in their belief that the baser metals could 
be transmuted into the noble ones, for the distintegra- 
tion processes of the radioactive metals have shown 
that the transformation of one element into another 
is constantly going on, and the way that this is done is 
explained in Chapter VIII, under the subcaption of 
Radium, Its Property of Transformation. 



YO THE METALS 

The Meaning of Carat and Fineness . — The word 
carat comes from the ancient Greek root karation which 
means a caroh hean that was used in the early days 
as a weight. The carat is still a unit of weight and 
is used at the present time for weighing pearls, dia- 
monds and other precious gems. The carat is a 
weight which is equal, approximately, to J^. grains, hut 
this varies in different countries. Thus in England 
a carat is equal to about SVe grains which is the weight 
of the intemaiioruil carat which is equivalent to ^05 
milligrams. 

To standardize the value of the carat the intemaiional 
metric carai, or CM as it is abbreviated, which has a 
weight of £00 milligrams was adopted as the unit in 
the United States, Great Britain, France, Holland and 
Germany, in 1913. 

By fineness is meant the proportion of gold in a 
mass or alloy. Thus 2}f. corals fine means that the 
mass ia 100 per cent pure gold; 18 carats fine that 
the alloy has 18 parts gold in it and 6 parts of some 
other metal or metals in. it, etc. The smallest amount 
of gold that an alloy can have and still be called gold 
is fO parts in 2 If, or Jlfl% per cent when, it follows, 
it would be fO carats fine. The standard fineness of 
gold for market quotations is 900 in New York and 
916.6 in Paris and this means that in the first case 
there is 90 per cent gold in the alloy and 10 per cent 
of other metals, and in the second case there is 91.66 
per cent of gold and 8.SJIf per cent of other metals. 

Silver, the Queen of Metals. — The very agreeable 
metal that we call silver was known to the ancient 
Greeks as argyros which means shining, and to the 
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Bomans as or gentium which means silver. In the 
Middle Ages the alchemists named it luna after the 
moon because it was both white and bright. We get 
the word stiver from the Middle English selvor and 
this was taken from the Anglo-Saxon seolfor. 

The Early History of Silver . — ^Like copper and gold 
the metal silver was known to prehistoric man but it 
was probably not discovered by him until after he had 
used the two former ones. Coming down to historic 
times an inscription records the fact that it was used 
in Chaldea, some JfSOO years b.o., as a medium of 
exchange, that is to say as money. Again the Old 
Testament teUs us that Abraham, who lived about 
2000 B.O., bought a parcel of land for a burial place 
and paid for it with silver. 

The first actual evidence of silver that has come 
down to us are ornaments which have been found in 
the royal tombs of Chaldea and these were built about 
1000 B.O. In the time of the Pharaohs who reigned 
in Egypt in the IV th dynasty and that was about J^000 
B.O., and for many dynasties thereafter, gold was much 
more plentiful than silver and, it follows, the latter had 
a greater intrinsic value. By the time the XVIIIth 
dynasty had rolled around, some 2000 years later, the 
Phoenicians had opened up the trade with all of the 
Mediterranean ports and they brought silver to them in 
such quantities that its value dropped below gold and 
it then took a second place to the King of Metals. 

The Genesis of Stiver and Silver Ores . — Silver is 
found free in widely different places and under vary- 
ing conditions. Thus there are minute quantities of it 
present in sea water and it occurs in larger amounts, 



THE METALS 


12 

ranging ixova. delicate threadlike bits to masses that 
wei^ upwards of nearly a ton. The chief source of 
silver is, however, found in its ores in which it is com- 
bined with other elements especially antimony, copper, 
lead and gold. 

Now there is every reason to believe that silver, like 
gold, was one of the original constituents of eruptive 
rocks and that the concentration of this metal in quan- 
tities large enough to form veins was due to the action 
of hot waters that flowed over the magmatic, that is 
doughy mass, of the igneous rocks as they were cooling 
off. Free silver is due to the weathering of these rocks 
while the ores that are formed of the sulphides, ar- 
senides and antimonides are usually found at a level 
that is below ground water. 

The Distribution of Silver and Its Ores . — ^Free silver 
and that which is in ores is found to some extent in 
almost every country on the face of the earth. The 
silver mines at Laurion in Greece, famous at the be- 
giiming of the Christian era for their large output of 
silver, are now worked chiefly for lead. Mexico has 
been known the world over for her rich silver mines 
almost from the time that the Americas were discov- 
ered and following it, in turn, came Bolivia, Peru 
and Chile. 

Nearly all of the total output of silver came from 
those countries until about 1895 when the rich Com- 
stock lode ^ in Nevada became, next to Mexico, the 
largest producer of the Queen of Metals. The output 
of this productive district, however, gradually dwindled 

1 1t produced gold and silver in the proportion of 1 part of the 
former to ^2 parts of the latter. 
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and then in 1916 the great lode at Tonopah, Nevada, 
jumped to first place as a producer of silver in the 
United States. There are many other silver fields in 
the United States but those of Colorado, Idaho and 
Nevada are important producers, though not nearly 
as much so as those above cited. 

Scattered through Europe are numerous silver dis- 
tricts, among them those of Spain, Norway, Austria, 
Hungary and Germany. In the first half of the nine- 
teenth century the most productive mines in Europe 
were those of Guadalajara, Spain, and while the mines 
there are still being worked they are of small impor- 
tance. This, also, is true of the mines at Kongsberg, 
Norway, and so to-day Mexico and Nevada still hold 
first place as the largest producers of the metal. 

Kinds of Silver Ores. — The chief ores which con- 
tain large proportions of silver are (1) argentite, 
(£) pronsite, (5) pyrargyte, (Jf) stephanite, (5) cerar- 
gyrite, (6) hessite, (7) tetrahedrite. Argentite {Ag 2 S) 
or silver glance as it is called, is a black sulphide of 
silver and it contains 87.1 per cent of silver. Pronsite 
{SAg 28 ,As 2 Sa), or light ruhy silver, has 65.1^ per cent 
of silver in it. Stephanite (SAgaSjShaSs) or brittle 
silver, has 68.5 per cent of silver. 

Cerargyrite (AgCl) or horn silver, is a silver chloride 
ore, and it contains 76.8 per cent of silver ; it is so soft 
it can be cut with a knife; and tetrahedrite {CuaAsSa) ® 
or Fahlery, or Fahl ore, as it is variously called, is a 
copper, arsenic, silver sulphide ore with base metals. 
As no two samples of the ore have the same composi- 
tion a formula for it cannot be given with anything 


sThis is an approximate formula. 
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like accxiracy and the percentage of silver in it varies. 

Dyscraside (AgaSh) is an antimonial silver mineral 
which is nearly always found in cobalt ores. Galena 
(PbS), our old lead sulphide friend, often contains 
from 50 to SOO ounces of silver to the ton and this is 
extracted as a by-product at a very small cost. 

The Physical Properties of Silver . — Silver is a beau- 
tiful, lustrous, white metal and the most common of 
those classed as noble. When cast it has a specific 
gravity of 10.05. It is quite soft and, next to gold, it 
is the most malleable and ductile of the metals and takes 
a high polish. When silver is hammered or rolled it 
becomes harder but it can be made soft, or annealed 
as it is called, again by heating it to a dull red. It can 
be made so thin that it will transmit light which then 
takes on a blue color. Of all of the elements it is the 
best conductor of heat and electricity. It can be va- 
porized in the electric arc and it then has a green color. 

When it is in the molten state it will absorb £2 times 
its own weight of oxygen from the air and it gives 
this out violently as it solidifies. If the molten metal 
is quickly cooled it tends to retain the oxygen as it 
becomes solid and then the expanding gas breaks 
through the crust and forces out particles of the melted 
silver. These solidify in globular form and this action 
is called spitting. It can be prevented by covering 
the surface of the metal with some nonoxidizing flux 
such as powdered charcoal, or by adding a very little 
zinc, copper or bismuth to the molten metal (See 
Figure 16.) 

The Chemical Properties of Silver . — ^The symbol for 
silver is Ag and its atoglic weight is 107.88. Silver 
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is not acted upon by either dry or moist air at ordinary 
temperatures as it does not directly combine with oxy- 
gen (O2), but it does, however, do so with ozone (Os).® 
It is not affected by the caustic alkalies or by v^etable 
acids. Blackening, or tarnishing as it is called, is 
caused by the sulphur {8) that is in the air which 
combines with the silver, forming black silver sulphide 
{Ag28). To remove the tarnish you need only to brush 



Fig. 16. — Tea Sebvice Made of Silveb 


the silver over with a dilute solution of potassium 
cyanide 

Silver dissolves easily in nitric acid and forms silver 
nitrate {AgNOz) and nitric oxide {NO) which latter 
is a gas. It also dissolves in hot sulphuric acid and 
this forms silver sulphate and sulphur dioxide which 
latter is a gas. It reacts with hydrochloric acid but 
as this produces a film of silver chloride it stops all 
further action. When silver reacts with nitric acid 
silver nitrate is formed and when this compound is 
melted and cast into sticks it is called lunar caustic.^^ 
Silver combines with all of the halogens and produces 

»An exceedingly active form of oxygen. 

10 This is an exceedingly poisonous salt, so, on second thought, 
you had better let the tarnish stay on to the end that you may 
stay on yourself a little while longer. 

XI The chemical name of it is silver nitrais. 
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silver chloride (AgrCZ), silver bromide {AgBr), silver 
iodide {Agl), and silver fluoride {AgF). All of these 
salts are easily decomposed by light, especially the 
second and third ones. 

What is called molecular silver is silver that is in a 
very finely divided state and this is exceedingly reac- 
tive chemically. It is a grayish powder and can be 
made either by precipitating it in a solution of ferrous 
sulphate, or some other reducing agent, or by bringing 
iron or zinc or some other electropositive metal into 
contact with one of the silver halides immersed in 
slightly acidulated water. 

Colloidal silver, that is particles of silver which re- 
main distributed throughout and suspended in a solu- 
tion, can be formed by precipitating a nitrate of silver 
solution with tannin or other vegetable substance. A 
solution of brown colloidal silver can be made by form- 
ing an electric arc between a pair of silver electrodes 
immersed in pure water. 

The Costly Metal Platinum . — Platinum in its 
native state is always found mixed with other metals. 
These are iridium, osmium, palladium, rhodium and 
ruthenium. All of these metals are chemically related 
to each other and so they are called the plalinum family 
of metals. Thus when platinum, iridium and osmium 
are grouped together their atomic weights will be found 
to be very close to each other and this is also true of 
their densities. There are several other respects in 
which th^ are quite similar, as, for example, their high 
melting points and their resistance to acids. 

How It Qot Its Name . — It has been said that the 
Greeks had a name for everything, and I will go this 
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broad etatement one better and say that th^ had names 
for things they knew nothing about As an illustration 
of this apparent paradox, they knew nothing about 
platinum and yet we got the name of this metal firom 
them and this is the way it came down to us. When a 
thing was flat the Q-reeks called it plains and from 
this word we get the name plate; the Spaniards used 
the Neo-Latin word for silver and when platinum 
was discovered in South America in the sixteenth cen- 
tury they named it platina del Pinto, platina being 
diminutive of plata and therefore meaning little silver 
and del Pinto a river on which the new metal was 
discovered. The modem chemists cut off the tail a, 
inserted in and added the modem Latin s uffix um to it 
when they converted it into platinum. 

The Occurrence of Platinum . — As I mentioned in 
the initial paragraph, platinum is, with one exception, 
found native, that is in its free state, but it is always 
mixed with other metals and in varying proportions. 
It is also found in small quantities in the mineral 
sperrylite which is an arsenide of platinum (PtAsa). 
Platinum is chiefly found in the form of little rounded 
grains or in scales in alluvial deposits, that is, deposits 
which have been washed away by the flowing water of 
streams or rivers from one place and built up in an- 
other. Sometimes, however, nuggets of it are found 
that are quite large. The arsenide is the only chemical 
compound of platintim that is known to occur in nature. 

Until about 1825 , when platinum was discovered in 
the Ural Mountains all of it came from South America; 
at the present time Kussia produces about 90 per cent 
tof the world’s supply, the remaining JO per cent coming 
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from Colombia, Panama, several of our w^em states, 
Brazil, Peru, Australia, South Africa, Borneo and 
Tasmania. 

Early History of Platinum . — ^Platinum was un- 
doubtedly known long before it was put to any prac- 
tical use or a name had been given to it, but because 
of its high melting point it was of very little value. 
The earliest reference to it that I have been able to 
find is one in which Scalinger, who lived in the six- 
teenth century, tells about a metal that is found in the 
mines of Mexico and Colombia, then called Darien 
but now the Republic of Panama, whose melting point 
was so high it could not be used. 

It was not until about 100 years after Scalinger re- 
ported his find that the chemists of Europe became 
interested in the new metal and Scheffer, of Sweden, 
read a paper before the Stockholm Academy in 17 S2 
in which he called it white gold, or the seventh metal, 
or patina del Pinto, as the Spaniards named it. Then 
in 1750 Sir William Watson of England described 
it in the Philosophical Transactions. 

Scheffer showed, in 1752, that the best furnaces of 
his time could not develop a sufficiently high tempera- 
ture to melt it, but a quarter of a century later Macquer 
and Baume fused it by concentrating the sun’s rays 
on it with a powerful burning glass, i.e., a convex lens. 
Finally, in 1772 Count von Sickingen, of Germany, 
rolled the metal into wire and sheets and it then took 
its place among the useful metals. 

The Physical Properties of Platinum . — In its ordi- 
nary condition platinum is a metal that has a color just 
about like that of steel It has a specific gravity of 
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S1.J^ and is therefore appreciably heavier than gold, 
whose specific gravity is 19.27. It melts at about 1765 
degrees centigrade but it can be welded at red heat 
It can be melted with the oxydrogen blowpipe or in a 
powerful blast furnace and it can be volatilized, that is 
converted into a vapor, in the electric furnace. When 
this is done and it condenses it crystallizes in cubic 



Pio. 17. — ^PLATimm Wabe fob Chemical Wobk 


and octahedral prisms. It expands less when heated 
tbnn any of the other metals and its coefficient of ex- 
pansion is practically the same as that of glass. 

When it is pure it is a very soft metal and is ex- 
ceedingly ductile and malleable. Also in its pure state 
it is a very poor conductor of heat and electricity. 

means the ratio of the increase in length, area or 
volume of a body for a given rise in temperature. 
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Platinum forms alloys with nearly all of the metals 
very easily but unlike the other noble metals, it has 
small tendency to amalgamate with mercury. When 
platinum is alloyed with iridium and rhodium its hard- 
ness is increased and its melting point is raised; op- 
positely disposed, when it is alloyed with lead or bis- 
muth its melting point is materially lowered. (See 
Figure 17.) 

The Chemical Properties of Platinum . — The symbol 
for platinum is Pt and its atomic weight is 196.23. 
It is not affected by the atmosphere and it is not 
oxidized in the air even when heated to the highest 
temperatures. No single acid has any effect on it when 
it is pure but it will dissolve in nitrohydrochloric acid,^® 
or aqua regia as it is commonly called. While it has a 
high resisting power to the action of acids it corrodes 
very easily when it is heated with the alkalies or al- 
kaline earths; thus when it is heated with potassium 
nitrate and potassium hydroxide^* it forms platinum 
oxide and this combines very easily with the alkaline 
bases. 

When platinum reacts with oxygen they form 
platinous oxide {PtO)y and platinous hydroxide 
(Pi (OH) 2 ) and this latter combines with acids but 
not with bases, and platinic hydroxide (Pi (OH) 4 ) 
and this compound reacts with both acids and bases. 
When the metal reacts with chlorine it gives 
platinous dichloride (PtCU) and platinic chloride 
(PtCU). With potassium cyanide platinum gives po- 

i^This ifl a mixture of nitric and hydrochloric acid. 

Commonly called oauttio potash and colloquially potassiufn 
hydrate. 
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tassium platinocyanide {K2Pt{CN)^ySH20), and with 
barium cyanide it gives barium platinocyanide {BaPir 
(CN),AS20). 

Chloroplatinous acid (n2PtCU) and chloroplatinic 
acid (H2PtCU,6H20) are formed by the reaction of 
platinum with chlorine. Finally, when chloroplatinic 
acid reacts with hydrogen sulphide they form platinoufl 
sulphide (PtS) and platinic sulphide (PtSz). 

Platinum Sponge and Platinum Black — ^Platinum 
has the power to condense oxygen on its surface and 
to dissolve hydrogen. Platinum foil will absorb vary- 
ing amounts of gases ranging from 80 to 200 times its 
own volume. Platinum sponge, or spongy platinum 
as it is commonly called, is platinum in a finely divided 
state and, it follows, it has an extremely large surface 
as against that of an equal amount of the solid metaL 
Platinum sponge is made by igniting ammonium chloro- 
platinate {{NHA)2PtCU). 

This power of the finely divided metal to condense 
and absorb gases is due to the fact that it exerts a most 
energetic oxidizing action even at ordinary tempera- 
tures. As an example of this action, which is a cator 
lytic one, it will ignite a mixture of oxygen and 
hydrogen and cause them to explode, it will oxidize sul- 
phurous acid and convert it into sulphuric acid, am- 
monia into nitric acid, and alcohol into acetic acid. 

Platinum black is platinum that is still more finely 
divided than spongy platinum and, hence, its powers 
of condensation and absorption of gases is greater than 
that of the latter. Platinum black looks like soot and 

18 For an explanation of this remarkable action see my How 
to Understand Chemistry or any college textbook on chemistry. 
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it is made hy addisg zinc to chloroplatinie acid. It is 
this foxm of platinum that is used for automatic lightors 
for gas light burners and also for chemical reactions 
where a catalyst or contact agent is required. 

The Metal Iridium . — Its Name . — This metal gets 
its name from the Latin word iris, which means rainr 
how and this came from Irides, the Roman mythological 
goddess of the rainbow. It was called iridium by its 
discoverer because of the rainbow color of its salts. 

Its Occurrence . — Iridium is found in its free state 
in small amounts but it usually occurs with osmium 
in platinum ores when the alloy of the two metals is 
known as iridosmium or osmiridium. The chief sources 
of platinum ores have already been given xinder the 
heading The Occurrence of Platinum. 

Its History . — ^Iridium was discovered by Tennant in 
1802 when he observed that an insoluble residue was 
left behind when platinum was dissolved in aqua, regia. 
Then in 180.k he proved that the residue was formed of 
two other metals and these he named iridium and 
osmium. 

Its Physical Properties . — ^Iridium like platinum 
sometimes occurs in a spongy form or powder but it 
can be compressed into a solid mass. It is one of the 
heaviest metals known, having a specific gravity of 
from 21 to 22.1^ When compressed it takes on a sted* 
white color and is harder than iron. It is brittle and 
not malleable when cold but is somewhat so when 
heated to incandescence. Its melting point is very high, 
being in the neighborhood of 2200 degrees centigrade, 
or J^OOO degrees Fahrenheit 
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lU Chemical Properties . — The symbol for iridimn 
is Ir and its atomic weight is 19S.1. It is not oxidized 
by either air or moisture and there is no known acid 
which will dissolve it. The metal has no acid-forming 
properties and in this respect it resembles cobalt. The 
oxides are IrO, IraOa, and IrOa and a series of complex 
chlorides are formed by the reaction of the metal with 
chlorine. 

The Metal Osmium . — Its Name . — The discoverer 
of this metal gave it the name osmium which he Latin- 
ized from the Greek osme meaning odor. This he did 
because its oxide gives off a strong chlorine-like odor. 

Its Occurrence. — Osmium, as I have previously ex- 
plained, is found chiefly as an alloy of iridium and 
which is called osmiridium or iridosmium and this is 
in the form of grains and flakes in platinum ores. 

Its History . — The metal osmium was discovered by 
Tennant in 1802 at the same time that he found iridium 
in the residue that was left behind when he dissolved 
platinum in aqua regia. 

Its Physical Properties . — Osmium is a blue-white 
metal which occurs in two different forms: the spongy 
form and the crystallized form. It is the heaviest sub- 
stance known, having a specific gravity of 22.1(8. It is 
harder than glass and is the most infusible of the metals 
melting as it does at about 2700 degrees centigrade or 
1900 degrees Fahrenheit, and, it follows, it can only 
be melted in the electric arc. 

Its Chemical Properties . — ^The symbol for osmixim 
is Os and its atomic weight is 195. In its compact 
form it is insoluble in all acids. It forms four oxides : 
OsO, OsaOa, OsOa and OsO*; the last named is the 
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tetrozide, a white crystalline substance which is ex- 
ceedingly volatile and an irritant poison; it is called 
osmtc acid but it is neither a real acid nor even an 
acid anhydride.^* The metal forms several compounds 
with chlorine the chief ones of which are OsCU, OaCU 
and OsCU. Two sulphides are known and these are 
OsSt and OsSt, and it also gives a fluoride 08P*. 

The Metal Palladium . — Its Name . — ^In 1802 Olbers, 
the astronomer, discovered a new asteroid and he named 
it Pallas after the Greek goddess Pallas Athena. A 
year later Wollaston discovered a new metal and he 
gave it the !Neo-Latin name of palladium in honor of 
the asteroid Pallas. 

Its Occurrence . — Palladium is found in very small 
amounts in its free state and in little larger quantities 
alloyed with gold and silver, and the ores of these 
metals are found in the Harz mountains in Germany 
and in Brazil. The chief source of the metal is, how- 
ever, in the copper and nickel ores in Ontario, Canada, 
and these are capable of producing more than the 
present needs for it. 

Its History . — ^Palladium was flrst isolated by Wollas- 
ton in 1802 and instead of making known the process 
1^ which he did it, in the usual way, that is by reading 
a paper before a scientific body, he put a few samples 
of it on the market. Chenevix, another chemist, ex- 
amined one of the samples and pronounced it to be 
simply a platinum amalgam. Wollaston then read a 
paper on the metal in which he explained how he had 
obtained it, and at the same time announced the dis- 
eovery of another new metal which he called rhodium. 

This maans it is not capable of fom^ag an acid. 
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Its Physical Properties . — ^Palladiun is a silver-white 
metal and has a specific gravity of 11.5. It is malleable 
and ductile and melts at 161f9 degrees centigrade, or 
2820 degrees Fahrenheit and this, you will observe, is 
the lowest melting point of all of t^ platinum metals. 
Like platinum there are two forms of the metal, and 
these are the spongy and the compact forms. The 
spongy kind has the remarkable power of absorbing 
gases and it will absorb nearly 1000 times its own 
volume of hydrogen gas. 

Its Chemical Properties . — ^The symbol for palladium 
is Pd and its atomic weight is 106.7. It is not acted 
on by either air or moisture but is slowly dissolved by 
sulphuric, nitric and hydrochloric acids and readily dis- 
solved by a>qua regia. When the metal is ignited the 
spongy form of it is produced. It is a remarkable 
catalytic agent, that is it hastens the reaction between 
various chemical substances while it does not itself 
enter into combination, or, in other words, it remains 
unchanged. 

There are two kinds of palladium oxides known and 
these are PdO and PdOz. When the metal is dissolved 
in strong aqua regia, palladic chloride (PdCh) and 
chloropalladic acid (HzPdCU) are formed. When com- 
bined with sulphur two different sulphides result and 
these are Pd28 and Pd8». 

The Metal Rhodium.— Name . — The ancient 
Greek name for rosy is rhodeos and this word was 
derived from rhodon which means rose. Now the metal 
rhodium was so named because nearly all of its salts 
are rose colored. 
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Its Occurrence . — Rhodium is obtained from the resi- 
dues of platinum ores and it is also contained along 
with other members of the platinum family in a natural 
alloy formed with gold in the mineral rhodite or 
rhodium gold as it is commonly called. 

Its History . — ^Rhodium was discovered by Wollaston 
in 180S when he was investigating the residues of 
platinum ores. 

Its Physical Properties . — ^Rhodium has a silver-gray 
color very much like that of aluminum and its specific 
gravity is between 11.0 and 12.0. It is a very hard 
metal and has a melting point considerably higher than 
platinum. It absorbs gases like platinum and other 
members of the platinum family. 

Its Chemical Properties. — The symbol for rhodium 
is Rh and its atomic weight is 102.91. It does not 
oxidize in air at ordinary temperatures but does so 
when it is heated to redness. It is not attacked by 
acids of any kind and has no acid-forming properties, 
and in this respect it behaves like cobalt. Several 
oxides are known, the chief ones being the sesquioxide 
(Rh^Os), and these give the corresponding salts. 

The Metal Ruthenium . — Its Name . — The metal 
ruthenium was named after Ruthenia, a district of 
Russia where the first platinum ores were found. 

Its Occurrence . — ^Ruthenium is found alloyed with 
the other metals of the platinum family in nuggets and 
little grains and crystals, and also in the mineral 
laurite which is a black sulphide of osmium and 
Ruthenium ( (RuOs^St). The chief source of the metal 
is the Ural mountains, but smaller amounts are found 
in California, Borneo, Australia and other places. 
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lia nistory . — In 18S8 Osann axmounced the diaeov- 
ery of a new metal which he named ruthenium, to- 
gether with two other new metals both of which he 
had foimd traces of in the platinum ores. Later on he 
came to the conclusion that he was mistaken about the 
existence of the new metals and thereupon withdrew 
his claims. In 18J!i.5 Claus investigated the discoveries 
of Osann and found that he was correct in his sur- 
mises as far as the metal ruthenium was concerned and 
he retained the name its discoverer originally gave 
to it. 

Its Physical Properties . — ^Ruthenium is a dark gray 
color very much like iron and its specific gravity is 
about 12.0. It is a hard and heavy metal and has the 
highest melting point of any of the platinum family of 
metals except osmium, its melting point being about 2500 
degrees centigrade, or lf5S0 degrees Fahrenheit. Like 
nearly all of the other metals of the group it readily 
absorbs gases. 

Its Chemical Properties . — The symbol for ruthenium 
is Ru and its atomic weight is 101.7. It does not 
oxidize in air at ordinary temperatures and but slightly 
so when heated. Like osmium it resembles iron in that 
it combines easily with free oxygen; it forms six dif- 
ferent oxides and these, in turn, form various salts 
which are quite like those of platinum. The metal 
gives RU 2 O when burned in air and RuOi when burned 
in oi^gen. 



CHAPTEK rV 
THE ALKALI METALS 

Thebe are certain compounds that are diametrically 
opposed to the acids and these we call the alkalies. 
These latter are formed of some of the metals when 
they are combined with hydrogen and oxygen and are 
known as hydroxides or hoses. Now we get the word 
aVeali from the Arabic al which means the and qalai 
meaning to fry and, hence, ashes. 

In olden times alleali was used to mean pot-ashes, 
because when wood ashes were leached and the solution 
thus obtained was boiled with other compounds in an 
iron pot caustic potash as it is commonly termed, or 
potassium hydroxide {KOH) as the chemist calls it, 
was produced. It was Sir Humphry Davy who dis- 
covered that caustic potash was formed of the metal 
potassium and hydrogen and oxygen, and when the 
metals sodium, lithium, cesium and rubidium were 
discovered and it was found that they would also pro- 
duce the hydroxides, they were all grouped together 
and called the alkali metals. 

The Metal Sodium. — How It Got Its Name . — 
There is a kind of plant that is called saltwort and from 
time immemorial it has been used for the making of 
soda ash. Now saltwort belongs to the genus salsola 
and this gets its name from the Latin sal which means 
eofif l^us sola which means soda. In medieval times 
|l9i of the alkali compounds were called soda and from 

88 
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this came the Neo-Latinized name of the metal sodium. 

The Occurrence of Sodium. — Sodium is one of the 
most abundant elements in nature, about 2^ per cent 
of the earth’s crust being formed of it. The reason its 
discovery was so long deferred is because, like some of 
the other metals, it is never found free but always com- 
bined with other elements, as, for example, with chlorine 
when sodium chloride {NaCV) is formed; with nitrogen 
and oxygen when sodium nitrate (NaNOa)^ or Chile 
saltpeter, as it is called, is formed ; with carbon and oxy- 
gen when sodium carbonate (Na 2 COa), or soda as it is 
known when pure and soda ash when it is impure, is 
formed. All of these compounds are widely distributed 
and occur in great quantities in plants, sea water and 
mineral matter in general. 

The History of Sodium. — The metal sodium was 
first produced by Sir Humphry Davy in 1807 by 
passing an electric current through sodium hydroxide 
{NaOH)f^ or caustic soda as it is commonly called. 
A year later Gay-Lussac and Thenard obtained the 
metal by decomposing the hydroxide with finely divided 
iron, and then in 182S Brunner obtained it by reducing 
sodium carbonate with carbon. 

Sodium obtained by any of the foregoing processes 
was far too costly to make it commercially available, 
but in 1855 Deville improved upon the method em- 
ployed by Brunner so that it could be produced in 
large quantities and quite cheaply. This process was 
the only one that was used until 1886 when the Castner- 

I This consists of 1 atom of sodium and 1 molecule of hydroxvl 
which, in turn, is formed of 1 atom of oxygen and 1 atom if 
hydrogen. 
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HeUnw electrolytic method was devised. Practically 
all of the sodium that is now used is produced by it. 

The Physical Properties of Sodium. — Sodium is a 
shining silver-white metal and a very light one, its 
specific gravity being only 0.98 at 0 degrees centigrade, 
which is the freezing point of water. At this tempera- 
ture it is fairly hard and ductile but at room tempera- 
ture it can be kneaded with the fingers and at 60 degrees 
centigrade, or 120 degrees Fahrenheit,* it has the con- 
sistency of paste; it melts at 97.6 degrees centigrade, 
and it boils at 71^2 degrees centigrade. It is one of the 
most electropositive of metals and one of the best con- 
ductors of heat and electricity. 

The Chemical Properties of Sodium. — The ancient 
Bomans called soda compounds natron and this still 
survives in the symbol Na which we use to indicate 
the metal sodium.® Its atomic weight is 22.997. So- 
dium oxidizes readily in the air and reacts violently 
with water and in so doing liberates the hydrogen and 
produces sodium hydroxide (NaOE). For this reason 
it is kept immersed in kerosene or other light oil until 
such time as it is to be used. 

Sodium bums with an intense yellow flame but its 
vapor is colorless when observed in a thin layer; but 
when a large amount of it is viewed by transmitted 
light it takes on a violet or purple color. The metal 
forms a large number of compounds the chief ones 
being sodium hydride (NaH), a substance that behaves 
very much like the metal itself; sodium chloride 


s Water boils at 100 degrees centigrade or Hi degrees Fahren- 
heit. 

is used because 8 is the symbol for sulphur. 
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(NaOl), or common saU; three oxides, and these are 
sodium oxide (NotO) ; sodium peroxide (iVoaOi) and 
sodium hydroxide (NaOH), or caustic soda; this latter 
is a highly deliquescent compound, that is it attracts 
and absorbs moisture from the air, then gradually dis- 
solves and finally becomes a liquid. 

Other important compounds are sodium nitrate 
(NaNO») and sodium nitrite (NaN02) ; sodium car- 
bonate (NotCOt), sodium bicarbonate (NaHCOt), or 
hoiking soda, sodium sulphate (NoiSOt) which when 
water is added to it forms Glauber’s salts ; * sodium 
thiosulphate (Na,2S20s,5H20) which is the photogra- 
pher’s hypo with which the developed plates are fixed; 
sodium tetraborate or horax; the phos- 

phates of sodium, and some others. 'Waiter glass, or 
soluble glass, as it is also called, is sodium silicate 
(iVtoStOs). 

The Metal Potassium, — How It Got Its Name . — 
We get the word potash from the old English roots pot 
and ash and the medieval chemists Latinized it to 
potassa and when the metal was first isolated by Davy 
it was given the Neo-Latin name of potassium. 

The Occurrence of Potassium. — The metal potassium 
is never found free but occurs in large quantities in 
plants, in various minerals and in sea water. Great 
beds of potassium chloride (KCl) and potassium sul- 
phate (K2S0t) overlay the salt deposits of Stassfurt, 
Germany, and these have been the chief sources of it 
for many years. 


salt formerly in great favor as a cathartic and ao-called 
after J. K. Glauber, a German chemist who introduced it in the 
seventeenth century. 
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Other deposits have been found in ‘Hanover, the 
Harz mountains and West Alsace and there are other 
and smaller deposits in Galicia and Spain. The only 
important potash deposit in the United States is the 
one at Searles Lake in California; this soHsalled lake 
is now an almost dry basin and in it there is a deposit 
of potassium and sodium compounds that has an aver- 
age thickness of about 75 feet The original source 
of potash, which is the compound that we now call 
potassium carbonate (KiCOt) is wood ashes, and in 
various localities it is still obtained from them. 

The History of Potassium . — The alchemists of the 
Middle Ages believed that the alkalies obtained from 
common salt were one and the same substance and it 
was not until the eighteenth century that they were 
found to possess different properties by Duhamel in 
nS6. Lavoisier, the great French chemist, came to 
the conclusion, in 177 Jf, that they were not simple 
substances but compounds. 

Potassirun was the first of the alkali metals to be 
isolated, that is obtained in a metallic form, and this 
was done by Davy in 1807. His process consisted of 
passing an electric current through a piece of moist 
potassium hydroxide when little beads of the metal were 
attracted to the negative electroda 

The Physical Properties of Potassium . — ^Potassium 
is a lustrous, bluish-white metal that is hard and 
brittle at the freezing point of water, i.e., 0 d^rees 
centigrade, or SZ degrees Fahrenheit. It is so soft 
at room temperature that it can be cut with a knifa 
It has a specific gravity of 0.865 and it is, therefore, 
BO light it will float on water. (See Figure 18.) It 
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melts at 62.6 degrees centigrade, wliich is about 
degrees Fahrenheit, when it becomes a liquid that looks 
very much like mercury. It boils at 120 degrees centi- 
grade, or 1260 degrees Fahrenheit, when heated in hy- 
drogen and its vapor has a green color. When heat^ 
in a Bunsen flame it and its compounds give it a violet 



Fig. 18. — ^Thk RuiACTrow or Potassium When Thbown on Wateb 

color while its spectrum shows two lines, one of which 
is red and the other a deep blue. 

The Chemical Properties of Potassium . — The symbol 
for potassium is K which is the abbreviation for kaUum 
the Neo-Latinized name for potash.® The atomic weight 
of potassium is S9.10 taking oxygen as equal to 16. 
It oxidizes very quickly in air, a freshly cut piece 
being covered with oxide almost instantly. When the 
metal is exposed to the air for a little time it is con- 
verted into potassium hydroxide (KOH) which is a 
white deliquescent solid; and continued exposure to 
the air results in its conversion into potassium carbonate 
(KiCOs), which is a white salt. 

is used for the symbol because P stands for phosphorus. 
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Potassitim combines so rapidly with oxygen it is 
usually kept immersed in kerosene, or some other oil, 
that does not contain the gas. It also combines vio- 
lently with the halogens, sulphur, phosphorus, selenium 
and tellurium. Chemically, the metal behaves in every 
essential respect like sodium — thus it combines with 
oxygen to form the two oxides, i.e., potassium monoxide 
{K2O) and potassium peroxide {K2O2). Potassium 
hydroxide (KOH), or caustic potash, is exceedingly 
soluble in water and, it follows, is highly deliquescent. 

Other important compounds of the metal are: the 
hydride {KH), the chloride (KCl), the chlorate 
(KCIO2), the nitrate (KNO2), the iodide (KI), the 
bromide (KBr), the fluoride {E2F2), the cyanide 
(KCN), which is an exceedingly poisonous salt, the 
sulphates (K2804) and (KH 80 *) and, finally, the 
sulphides of which there are five, namely, E28, K282, 
E282, K284, and K28S, 

The Metal Lithiiun.— TTAere It Got Its Name . — 
The ancient Greek word for stone is lithos and when 
the metal under consideration was discovered the latter 
name was Latinized and it became lithium. It was so 
called because it was first obtained from a mineral and 
this was colloquially called a stone. 

The Occurrence of Lithium. — Lithium is never found 
free but always combined with other elements in vari- 
ous compounds. It occurs chiefly in the mineral ambly- 
gonite (Li(AlF)P04)f which is a mixed phosphate and 
fluoride of aluminum and lithium, and also in lepidolite 
(K 4 Li(Al'Fe) 2 Al 4 ( 8 i» 0 »)( 8 i 04 )t), and some other 
raze minerals. It is widely diffused in very small 
quantities. 



THE ALKALI METALS 96 

The History of Lithium . — ^Its history is short. In 
1817 Artvedson discovered lithia which is the oxide that 
is formed of lithium and oxygen. The metal was first 
isolated by Brandes, in 18£Sj and a quarter of a century 
later Bunsen and Matthieson obtained it by passing an 
electric current through melted lithium chloride (LiCT)^ 
a process that is still used for making it commercially. 

The Physical Properties of Lithium . — Lithium is a 
bright, silver-white metal, the lightest of all the metals, 
its specific gravity being about 0.53. It not only floats 
on water like sodium and potassium but also on kero- 
sene. Its melting point is 186 d^ees centigrade, or 
367 degrees Fahrenheit, while its boiling point is UfOO 
degrees centigrade, or £550 degrees Fahrenheit; these 
are higher than any of the other alkali metals. It is 
also harder than any of the others of this group, has a 
ductility which is about like that of lead and can be 
welded at ordinary temperatures. 

The Chemical Properties of Lithium . — The symbol 
for lithium is Li and its atomic weight is 6.91^. It 
bums with a bright red color in the Bunsen flame and 
its spectrum consists of one bright red line and another 
and fainter orange ona When the metal is exposed 
to the air it quickly oxidizes and becomes covered with 
a yellowish-white film. It reacts with water like 
sodium and the other alkali metals in that it sets the 
hydrogen free and combines with the oxygen of it 
It also reacts vigorously with hydrogen and nitrogen 
and forms stable compounds with all of the above gases. 

Different from the hydroxide, the carbonate and the 
phosphate compounds of the other alkali metals which 
are very soluble in water, the corresponding compounds 
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of lithixim are relatively insoluble and it is this char- 
acteristic that links it with magnesium, which is one 
of the alkaline earth metals. The principal lithium com- 
pounds are the oxide (LuO), the hydroxide (LiOH), 
the chloride (LiCl), the carbonate (LUCOi), the 
citrate {LuCoHsOr), the salicylate (LiCiHtOi) and 
the phosphate (LisP0*,2n20). 

The Metals Caesium and Rubidium. — How They 
Oot Their Names. — In the ancient Latin tongue ccBsius 
means "blue and in the Neo-Latin it becomes ccesium* 
The metal was given this name simply because its 
spectrum consists of two blue lines. In the same way 
rubidium in the ancient Latin language means red 
and in the Neo-Latin it becomes rubidium' and it was 
so named because its spectrum consists of two red lines. 

The Occurrence of Casium ® and Rubidium. — The 
metals caesium and rubidium are never found free and 
are nearly always together. They were first discovered 
in the mineral waters of Durkheim, Bavaria. They are 
found chiefly in very small amounts in the ashes of 
seaweeds, tea, tobacco and beetroot molasses. They 
are also found associated in the mineral lepidolite 
(KJA{Al’Fe)iAU{ 8 u 06 ){ 8 i 0 *)z). Caesium is found 
in the form of an oxide, in the mineral pollucite 
{H2C8*AU8ia0vi), or pollux as it is commonly called, 
which is a hydrous silicate of caesium and aluminum 
and this has no rubidium mixed with it. Rubidium 
is obtained now from the mother-liquors of the Stass- 
fort, Germany, salt deposits. 


< Pronounced 
r Pronounced 

< Also spelled cesium. 
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The History of C cesium and Rubidium. — ^Both of 
these metals were discovered by Bunsen and Eircb- 
boff in 18&0 with the aid of the spectroscope,* in the 
mineral waters pf Durkheim, Germany. While the 
salts of ceesium bad probably been examined previous 
to this time, they were thought to be those of potassimn. 

The finding of csesium is of historic interest because 
it was the first metal to be discovered with the aid of 
the spectroscope. In the following year (1861 ) Bunsen 
obtained the chlorides of these metals by evaporating 
a large amount of the Durkheim mineral water and 
then by separating them and passing an electric current 
through them he was able to separate their respective 
metals from them which came to the surface in the 
form of globules. 

The Physical Properties of Ccesium and Rubidium. 
— Both csesium and rubidium are silvery-white metals 
and both are very light, the former having a specific 
gravity of 1.88 and the latter of 1.62. Both are soft 
metals, but rubidium is especially so for even whmi 
it is at a temperature of JO degrees centigrade, it is as 
pliable as wax. Csesium melts at 26 degrees centi- 
grade, or 80 degrees Fahrenheit, and rubidium at 38.60 
degrees centigrade, or lOl.S degrees Fahrenheit, and 
gives off a bluish vapor at a dull red heat. Csesium 
is the most electropositive element known and rubidium 
follows it a close second. 

The Chemical Properties of Caesium and Rubidium. 
— ^The symbol for csesium is Cs and its atomic weight 
is 132.81, while the symbol of rubidium is Rb and its 
atomic weight is 86..i4- The salts of csesium and 
• It wsB Bunsen and Sirchboff wbo invented tite spectroscope. 
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rabidium act chemically yeiy much like those of potas- 
mrtm in that they oxidize rapidly in air, decompose 
water, liberate the hydrogen of it and ignite it. The 
chief compounds that they form are the csesium oxides 
CsO and CsmO; the rabidium oxides, BbO and BhtO; 
the hydroxides, CsOH and BbOH; the chlorides, CsGl 
and BmGlj the bromides, CsBr and BmBr; the iodides, 
Gsl and Bbl, etc. 

The salts of potassium, csesium and rubidium when 
combined with platinum give three insoluble compounds 
and these are potassium chloroplatinate {K2PtCU), 
csesium chloroplatinate (CstPtCU) and rubidium chlo- 
roplatinate (RbtPiGU). Since the solubilities of all 
these platinates are different they can be separated from 
each other by washing them with cold water and the 
metal of each one can then be isolated. 



CHAPTER V 

THE ALKALINE EARTH METALS 

Aftee the important discoveries of the alkali group 
of metals had been made, chemists found another group 
that acted like those of the foregoing one in that the 
metals of it would displace hydrogen from cold water 
and in so doing they produced the corresponding hy- 
droxides. As the compounds of this latter group would 
not dissolve easily like those of the alkali metals they 
were called alkaline earths and these included the metals 
calcium, magnesium, strontium, barium and radium. 
Although radium belongs chemically to the alkaline 
earth group of metals I shall describe it in a later 
chapter along with the other radioactive metals. 

The Metal Calcium. — How It Oot Its Name, — The 
ancient Romans called lime, which is calcium oxide, 
calx; from this was derived the word calcis and when 
the metal was discovered it was given the Neo-Latin 
name of calcium. 

The Occurrence of Calcium. — Like the metals of the 
alkali group calcium is never found free but it occurs 
very plentifully and is widely distributed in combina- 
tion with other elements in various common minerals. 
Chief among these are calcite, which is calcium car- 
bonate (CaCOt) and this includes chalk, marble and 
limestone ; gypsum, which is hydrated calcium sulphate 
{Ca804,2Hi0) and apatite, which is calcium phos- 
phate-fluoride (SCa 9 {P 04 ) 2 yCaF 2 ), Calcium is also 

99 
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found in fresh waters, in plants, and it forma a large 
part of the bones and shells of animals. The spectro- 
scope shows that there is calcium in the sun. 

The History of Calcium . — The metal calcium was 
first isolated by Davy in 1808 and this he did by pass- 
ing an electric current through melted calcium chloride 
{CaClt). In the same year Berzelius and Pontin in- 
depmidently obtained it from its compounds. 

The Physical Properties of Calcium . — Calcium is a 
bright, silver-white crystalline metal with a yellowish 
tinge. It is just about as hard as lead and can be 
cut. drawn into wire or rolled into sheets. Its specific 
gravity is 1.68 and it melts at a temperature of 810 
degrees centigrade, or llfQO d^ees Fahrenheit. There 
are only four other metals that are better conductors 
of electricity than calcium. 

The Chemical Properties of Calcium . — The symbol 
for calcium is Ca and its atomic weight is IfO.O. It is 
not attacked by dry air at ordinary temperatures but 
in moist air it rapidly becomes coated with the hy- 
droxide (Ca{OH)t). When it is highly heated in air 
it bums with a reddish fiame and forms calcium oxide 
{CaO) and calcium nitride (CatNt). (See Figure 19). 

Like the alkali metals it rapidly decomposes water, 
liberating the hydrogen of the latter and forming its 
hydroxide (Ca(On)i). The metal combines with nearly 
every acid and produces numerous compounds, the chief 
ones, other than those named above, being the hydride 
(CaHt), or hydrohjte as it is commonly known; the 
(boride (CiiCW), and the fluoride (CoF*), which oc- 
curs in nature as fluorite at fluor spar. 

Other oomponnds of calcium are the carbonate 
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(CoCOt)y of which eggshells, oyster shells, coral and 
pearls are formed; the oxide (CaO) which is quick- 
lime; the oxalate (CaCtOt) ; the carbide {Ca/C%), which 
produces acetylene gas wW it is made to react with 
water; bleaching powder (Ca(OCl)Cl); the nitrate 



Fia. 10 . — ^The CAiiCiUH Lioht, ai.8o Called the Oxy-HYDBOOEir 
Light, and the Lime-uoht 

(Ca(NO»)t) ; the sulphate (CaSO*) which in granular 
masses is called alabaster and in crystallized form 
gypsum, and selenite; and the sulphide (CaS) a com- 
pound which after it is exposed to the light will shine 
in the dark. 

The phosphates, of which phosphorite ((7o«(P04)t), 


MS mMPMM 

l^p«t£ta> (SCtk(JP04)a,CaF»), a wmmm miziaral, and 
i£o (nthopi>o0{diata^ or mperf^tosphaie (Ca{HtPOi)t‘'’ 
OeSOi)) as it u oommoioly knovm, form tlie chief 
oompoands; the cyanamide (CaCNt), or nitro4ime as 
it is called, which is formed by heatmg calcimn car- 
bide when it absorbs nitrogen, and finally, calcium 
silicate (CaSiOz) which with sodium silicate (Na»8iO») 
form the chief constituents of glass. 

The Metal Magnesium. — How It Got Its Name . — 
Magnesium gets its name from the town Magnesia, in 
Thessaly, Asia Minor, and this is the way it came 
about There is a mineral found in Magnesia that is 
called magnesite^ from which the metal was first ob- 
tained. 

The Occurrence of Magnesium. — ^Magnesium is never 
found in, its free metallic state but it occurs plentifully 
in its compounds which are widely distributed in the 
earth’s crust. The chief sources of the metal are the 
minerals magnesite, which is magnesium carbonate 
(MgCOi), and dolomite, a double salt formed of calcium 
carbonate and magnesium carbonate (MgCO»,CaCOz) ; 
its hydrates as magnesium chloride (MgCl2,6HaO) and 
magnesium sulphate (Mg80t,Ht0), which comes from 
the Stassfurt deposits ; in the silicates as olivine, which 
is magnesium orthosilicate {MgaSiOi) ; in serpentine, 
a hydrated disilicate {iMg,Fe)S8ii0i^Ht0)‘, in as- 
bestos, an anhydroiis silicate ( (Mg,Ca) (8i0»)*) ; talc or 
soapstone, as it is also called, an acid magnesium silicate 


1 Do not confuse this mineral with magnetite, a mineral that 
contains iron and which is magnetic. It is from the root Mag- 
nesia that magnet and all other like words have been derived. 




TBE ALEAlXem EAE1H METALS 108 

; in camdUite, a hydrotu dhloride of 
potaBsinm and magneBimn (KMgCl»‘6Ha0), etc. 

The History of Magnesium . — ^The metal magnesinni 
was first isolated Davy in 1808 and this he did hy 
two different processes, namely, (i) passing an 
electric current through melted magnesium chloride, 
and (£) by the reduction of incandescent magnesium 
oxide in an atmosphere of potassium vapor. Bussy, 
in 1880, obtained a larger and purer amount of the 



Fio. 20. — Tmi’ Mag!TE8IU1c Flashlight, Used fob Makthg 
Flashlight Photographs 

metal by heating a mixture of potassium and anhydrous 
magnesium chloride to redness. 

The Physical Properties of Magnesium . — ^When 
msgnnainTn is pure it has a lustrous silvery-white cdlor 
and is very light, having a specific gravity of 1.7.4- It 
is a fairly hard metal, brittle when cold but when it is 
heated it can be rolled into vnre or ribbon and is malle- 
ftWA, Its melting point is 651 degrees centigrade, or 
leOJt degrees Fahr^eit, and its boiling point is 1100 
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d^^reee centigrade, or 2012 d^rees Fahrenheit (See 
Figure 20.) 

The Chemical Properties of Magnesium. — The sym- 
bol of magnesium is Mg and its atomic weight is 2J^S2. 
The chemical behavior of magn^ium be^ so strong 
a resemblance to calcium that the two metals were in 
time past often confused with each other. Since their 
chemical properties are so much alike I have given 
magnesium a place here in this chapter with the al- 
kaline earth metals; however, according to the periodic 
system* it belongs to the fourth group of the metallic 
elements which named are beryllium, zinc, cadmium 
and mercury. 

Magnesium does not oxidize in dry air but it does 
so in moist air to a slight extent. When heated to a 
cherry-red in a closed retort it passes over in a vapor 
and when this cools it takes on the form of lustrous 
white crystals. When the metal is burned in air it gives 
a dazzling white light (see Figure 20) and at the same 
time combines with the nitrogen of it when the solid 
nitride {MgaNi) is formed; and also with the oxygen 
when the oxide {MgO) is formed. 

One of the chief compounds of the metal is its oxide 
(MgO), or magnesia as it is called; this is a white sub- 
stance that reacts with acids as a base and, it follows, 
forms various magnesium salts. Magnesia will not 
dissolve in water but hardens into a solid mass when 

3 The periodic ay stem is a classification of the chemical ele- 
ments made by the Russian chemist Mendelejeff about 1870. 
You will fiind a simple description of it in my book How to 
Underatand Ohemiatry, publish^ by D. Appleton and Company^ 
New York. 
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exposed to air, and is one of the most infosible sub- 
stances known. The oxyhydrogen blowpipe has no ef- 
fect upon it, other than to make it glow with a dazzling 
light, but it can be melted in the electric furnace. 

Other compounds of the metal are its chloride 
(MgCl 2 , 6 H 20 ) ; the carbonates, namely, normal car- 
bonate (MgCOt), which in its natural state is the 
mineral magnesite, and magnesia alba {Mg(OH)ar 
4 MgCOt, 6 HtO ) ; the sulphate {MgSO*) of which the 
heptahydrate ® {MgSOiflRiO), commonly called Ep- 
som salts, is a form; the sulphide (MgS) which is 
made by heating the metal with sulphur, and, finally, 
the phosphates of magnesia, of which there are a couple 
of forms. 

The Metal Strontium . — How It Qot Its Name . — 
There is a vUlage in Argyllshire, Scotland, called 
Strontian, and a certain mineral which has been found 
near by was given the name strontianite. It is formed 
of strontium carbonate {SrCOt) and when the metal 
was isolated from it it was called strontium.* 

The Occurrence of Strontium . — The metal strontium 
not only occurs in strontianite but it is more plentiful 
in celestite, a native strontium sulphate (SrSO*) ; in 
hrewsterite, which is essentially n*{Sr,Ba,Ca')Al^ur 
a mineral containing strontium together with 
barium and calcium, and also in small amounts in 
aragonite, calcite and dolomita It is also foxmd in 
minute quantities in sea water, in soils, and the ashes 
of some plants. 

• Meaning that it has 7 molecules of water. 

• Pronounced 
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The History of Strontium . — The earth* as the oxide 
of strontium was formerly called, was recognized by 
Cruikshanh in 1787 and by Hope in 1792. Klaproth 
found, in 1798, that it gave a carmine red color when 
burned in a flame. The metal was first isolated, in an 
impure state, however, by Davy and this he did by 
passing an electric current through moistened strontium 
hydroxide of the chloride. The metal has since been 
obtained in its pure state by Guntz and Roederer by 
heating strontium hydride in a vacuum to 1000 d^ees 
centigrade, or 1882 d^ees Fahrenheit. 

The Physical Properties of Strontium. — Strontitim 
is a silver-white metal when pure but yellow when 
it is impure. It has a specific gravity of about 2.6 
and is a little harder than calcium. It melts at red 
heat, which is about 800 degrees centigrade, or 1JI^72 
degrees Fahrenheit, and when more highly heated it 
bums with a brilliant red color. It is both malleable 
and ductile. 

The Chemical Properties of Strontium. — The sym- 
bol for strontium is Sr and its atomic weight is 87.68. 
The compounds of the metal behave in all respects quite 
like those of calcium. It oxidizes rapidly when ex- 
posed to the air and not only bums in it but also in 
o^gen, chlorine, bromine and the vapor of sulphur. 
Strontium is less electropositive than calcium and the 
alkali metals. 

The chief compounds of strontium are the oxide.<i, 
namely, the monoxide (SrO) and the dioxide (SrO») ; 

• It was once believed that the earths were elements and not 
compounds. 
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the hydroxide (8r(0H)») ; the chloride (8rClt,6HtO ) ; 
the sulphate (8r80t) and the nitrate {8r(N0t)t). 

The Metal Barium.— How It Got Its Name. — This 
metal got its name from barote which is the Greek word 
for heavy and it was called ha/rium by Berzelius and 
Pontin in 1808. 

The Occurrence of Barium. — ^This metal never oc- 
curs in its free state but always in combination with 
other elements. It is present in some mineral waters 
and in nearly all of the primary rocks. Its chief 
sources are the minerals witherite, which is native 
barium carbonate (BaCOt) and barite, or heavy-spar 
as it is commonly known, which is barium sulphate 
(BaBOi). 

The History of Barium. — The mineral barite was 
the first compound that contained barium which was 
known. Marggraf showed in 1760 that barite had 
sulphur in it and then Scheele and Gahn found that 
it contained another substance which had not been 
known before. To this Bergman gave the name of 
terra ponderosa, which in Latin means heavy earth. 
In 1779 de Morveau called the earth barote, which is 
the Greek word for heavy and, finally, Lavoisier 
changed it to baryta* which is the common name of 
barium oxide {BaO) and it is still in use at the present 
time. The metal was isolated by Berzelius and Pontin 
in 1808 when it was given the Neo-Latin name of 
barium. 

The Physical Properties of Barium. — ^When barium 
is pure it has a silver-white color. Its specific gravity 
is S.78, it melts at 860 degrees centigrade, or 1580 


0 Pronounced 
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degrees Fahrenheit, and vaporizes at 960 degrees centi- 
grade, or 1742 degrees Fahrenheit When in a pow- 
dered state barium will catch on £xe spontaneously 
and it bums with a green color. 

The Chemical Properties of Barium . — ^Most of the 
compounds of barium are more soluble in water than 
those of the other alkaline earths and aU of tiiem 
that can be so dissolved are poisonous. The chief com- 
pounds of this metal are the carbonate {BaJCOt ) ; the 
chlorate (Ba(ClO»)i) and the chloride (BaCU ) ; the 
oxide (BaO) and the peroxide {BaOa ) ; the hydroxide 
(Ba(OH)t) which is the most soluble of the hydrox- 
ides of the alkaline earth group, and a solution of which 
is called harytorwaler; the hydrate (Fa(OH) 2 ,dHaO), 
a compound which crystallizes when a saturated solu- 
tion is in the process of cooling off; the nitrate 
{Ba(NO*) 2 ) ; the sulphate {BaSOt), which is one of 
the most insoluble salts that is known; the sulphide 
(BaB) a highly phosphorescent salt and which goes 
by the name of Bologna phosphorus. After it has been 
exposed to the light of the stm or any other actinic 
source of light, it will shine in the dark for hours with 
a bright yellow light 



CHAPTER VI 
THE mrCOMMON METALS 

I HAVE classed those metals as uncommon whose 
names are unfamiliar to the average person, that are 
more or less rare in nature, or that are of small com- 
mercial importance. Very few of the uncommon metals 
are used in their pure metallic state but many of them 
are of great value in forming alloys with other metals 
or compounds with other elements. The uncommon 
metals far outnumber the common ones and so I have 
put the outstanding ones down in this chapter in alpha- 
betic order to the end that you can quickly put your 
finger on the one you want. 

The Metal Arsenic.— How It Oot Its Name . — 
Arsenic gets its name from the Greek arsenikon and 
the Latin arsenicum and these come from arsen which 
means male or masculine, so-called on account of its 
strengtL 

Occurrence of the Metal. — ^Arsenic is found in its 
free metallic form and also in ores along with iron, 
lead, cobalt, nickel and antimony. It is found in vari- 
ous minerals combined with sulphur as arsenic ^ mono- 
sulphide {As8)y or realgat as it is commonly called, 
and trisulphide {AszSz)^ which is known as orpiment. 
Arsenic is widely distributed in nature but the total 
amount of it is comparatively small. It is found in 

1 Pronounced when used as an element and or-teti'Ho 

when in combination with other elements. 
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Siberia, various countries of Europe, Japan, British 
Columbia and the United States. 

History of the Metal. — The compounds of arsenic 
have been known from antiquity, the yellow arsenic 
trisulphide (AstSs), or orpiment, having been described 
by Theophrastus, who called it arseinikon, a Greek word 
meaning the masculine one, as it was used to paint the 
sun-bumed faces of the men. 

The Physical Properties of Arsenic. — ^It is steel- 
gray in color and crystalline in form ; it has a specihc 
gravity of 5.7 and is very brittle. When freshly 
broken it shows a high luster but oxidizes when exposed 
to air. The metal vaporizes at 180 degrees centigrade, 
or S66 degrees Fahrenheit, and when the vapor is sud- 
denly cooled a yellow and less stable form results which 
will dissolve in carbon disulphide; it is phosphorescent 
in the air and in other ways acts very much like white 
phosphorus. 

The Chemical Properties of Arsenic. — The symbol 
of arsenic is As and its atomic weight is 7J^.96. This 
metal combines directly with oxygen, sulphur, the 
halogens, and many of the metals. When burned in 
air it forms clouds of arsenic trioxide (As 20 $) which 
is a solid white substance. When boiled with nitric 
acid, or other powerful oxidizing agent, it produces 
arsenic acid (HtAsOi). When combined with hydro- 
gen it forms arsine (AsHi) and when melted with 
zinc it gives zinc arsenide (Zn«A« 2 ). Arsenic and all 
of its compounds are extremely poisonous but, para- 
doxically, there are small amounts of it in the human 
body. 
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Tlie Metal Beryllium. — Its Name. — This metal got 
its name from the Greek berUlion which is the di- 
minutive of herylos and this means the mineral beryl; 
it is so-called because it was first found in beryl. It 
is also called glucinum (^Gl) from the Greek word 
glyJcys which means sweet because it has a sweet taste. 

Its Occurrence. — ^Beryllium is never found in its 
free metallic state but occurs with other elements in vari- 
ous minerals, such as beryl, which is a metasilicate of 
beryllium and aluminum (BetAh^SiOt)*), chrysoberyl, 
a beryllium aluminate (BeAhOt) and phenacite, a 
silicate of beryllium (BeiSiO*). 

Its History. — The oxide of beryllium {BeO) was 
first recognized by Vauquelin in 1798, but the metal 
was not isolated until 1828 when Wohler obtained it 
by fusing beryllium chloride (BeCh). 

Its Physical Properties. — ^Beryllium is a hard, sted- 
white, malleable metal, has a specific gravity of 1.9S 
and a melting point of llfOO degrees centigrade, or 
2550 degrees Fahrenheit. 

Its Chemicobl Properties . — The symbol of beryllium 
is Be and its atomic weight is .91. When it is pow- 
dered it bums in the air and displaces hydrog^ from 
dilute acids and, when heated, from caustic potash. 
When the metasilicate of beryllium and aluminum 
(Be»Al 2 { 8 i 0 t)t), which is beryl, is colored with a little 
chromimun silicate it becomes an emerald. 

The Metal Cadmium . — Its Name . — ^The name kalor 
mine was used for an ancient Greek alloy made of 
lead, tin, antimony and zinc; from this came the Latin 
cadmia which means the dross or slag that resulted 
when the ore of zinc was reduced. The metal cadmium 
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was BO named because tbe crust in zinc furnaces con- 
tained from 10 to SO per cent of it 

Its Occurrence. — Cadmium is never found native 
but occurs in the rare mineral known as greenockite * 
which is formed of cadmium sulphide (CdS), and in 
this there is only a very small amount, usually about 
0.5 per cent It is also found in zinc ores. The chief 
sources of the metal are Bohemia, Hungary, and Le- 
high, Pennsylvania, though the latter place produces 
only very small amounts of it 

Its History. — ^The metal was isolated by Stromeyer, 
in 1817, who obtained it from zinc carbonate {ZnCO») 
ore. 

Its Physical Properties. — Cadmium is a white, lus- 
trous metal that has a bluish tinge like that of tin, 
which it somewhat resembles in its physical aspects; 
thus it makes the same peculiar crackling noise, or 
cry as it is called, that tin does when it is being bent. 
It is a malleable, ductile metal and will take a high 
polish. It has a specific gravity of 8.6 and a melting 
point of 820 d^rees centigrade, or 608 degrees Fahren- 
heit It boils at 778 degrees centigrade, or l^SS degrees 
Fahrenheit, and then yields a yellow vapor. 

Its Chemical Properties. — The symbol for cadmium 
is Cd and its atomic weight is 112.^^. Chemically, it 
acts in some respects like zinc. Cadmium forms only 
one oxide (CdO) which is a brown powder and this 
can be obtained by burning the metal in air. It forme 
the chloride (CdCU), the iodide (Cdit), the basic 
hydroxide (Cd(OH)»), the carbonate (CdCO»), the 
sulphate (CdSO*), and the sulphide (CdS). 

sThia mineral ie also known aa eadwtium hltnde. 
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The Metal Cohunbium . — Its Name . — ^Tbe poetical 
name of Columbia was given to America in honor of 
Columbus who discovered it and the metal was named 
after it. The metal is also called niobium which is 
the Neo-Latinized form of Niobe, a Greek goddess who 
wept much and was finally turned into stone where 
she still continued her weeping. 

Its Occurrence . — Columbium is never found free and 
only in small amounts in a few minerals, the chief ones 
of which are columbite, which is a columbate of iron 
iFe{CbOs)z), and iantalite, a tantalate of iron 
(Fe(TaOi)s). These minerals are found in Sweden, 
Mexico, in Central and South American countries and 
in various parts of the United States. 

Its History . — The metal was discovered by Hanchett 
in 1810, and it was he who gave it the name of columr 
bium. It was rediscovered by Ross in 18J^6 and he re- 
named it niobium. This he did because it resembled 
tantalum, a metal that had previously been found and 
named after the Greek god Tantalus, who was the 
father of Niobe. Columbium was first isolated by 
Bloomstead in 1866 who reduced its chloride with 
hydrogen. 

Its Physical Properties . — Columbium is a bright 
lustrous metal of a steel-gray color and has a specific 
gravity of 12.7. It is about as hard as wrought iron, 
is sufSciently malleable so that it can be welded and 
has a melting point of 1950 degrees centigrade, or S5Ji£ 
degrees Fahrenheit 

Its Chemical Properties . — ^The symbol for colum- 
bium is Ch, or if you prefer to call it niobium then 
Nb, and its atomic weight is 9S.1. It bums when 
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l»Bted in the air, has feeble base-foiming properties 
and its chief compounds are the salts called columhaies 
or niobates. It forms four oxides and these are the 
dioxide ((7b»Ot) ; the trioxide (ChaOt) ; the tetroxide 
{ChtOa) and the pentoxide (ChtOi). It forms two 
chlorides, namely the pentachloride (ChCU) and the 
oxychloride (ChOCU). It also forms the pentafluoride 
(ChFs), and a percoltimbic acid (HCbOtyHaO) has 
been made. 

The Metal Germanium . — Its Name . — The ancient 
Romans called that great territory which lies north of 
the Alps and east of the Rhine Germania and in later 
times a more restricted part of it was named Oermamy. 
Winkler, who discovered the new metal, was a German 
and so he gave it the Neo-Latin appellation of ger- 
mamium in honor of his native land. 

Its Occurrence . — Germanium is a very rare metal. 
It is obtained from germanium dioxide (OeOa) which 
is found in the concentrate from certain residues that 
result when zinc ores are smelted. It is also found 
in argyrodiie, which is a silver sulpho-germanate 
(AgtOeSs), a mineral that occurs in small amounts in 
Saxony and in larger amounts in Bolivia. 

Its History . — The discovery of germanium was pre- 
dicted by Mendelejeff * in 1871. He indicated its prop- 
erties means of his periodic system.* He gave the 
metal the provisional name of eTeasUicon, the prefix eTea 
being the Sanskrit word which means next in order. 

• The Standard Dictionary spells it lietrdelyeao, but chemists 
spell it Mettdelejeff. 

*Vot an explsnation of the periodic system see my Bow to 
Underctand OhemUtry, published by D. Appleton and Company, 
Kew York. 
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Winkler discovered it in the mineral argyiodite in 
1886. 

Its Physical Properties . — dermanium has a gray- 
white color and a fine luster. Its specific gravity is 
6.S5 and it melts at 958 degrees centigrade, or 1766 
degrees Fahrenheit It is a very brittle metal and 
caimot be drilled. 

Its Chemical Properties . — The symbol for germa- 
nium is Oe and its atomic weight is 72.6. It is a tran- 
sition element being about halfway between carbon 
and tin. When heated in oxygen to 730 d^rees centi- 
grade, or 1346 degrees Fahrenheit, it is partly oxidized 
and changed to the dioxide (GeO*), which is a dense 
white powder. It forms two oxides and these are 
germanous oxide (OeO) and germanic oxide (GeOs). 
Like carbon the metal forms an unstable compound 
with hydrogen, and with hydrogen and chlorine it 
gives germanixun chloroform (OeHCh). Like carbon, 
silicon and tin it gives a volatile chloride (^OeCU), 
and, finally, like tin and gold it produces complex sul- 
phides such as potasso-germanium sulphide (KaOeSa). 

The Metal Manganese . — Its Name . — The name 
manganese ® comes from the same root as magnesium, 
i.e., magnesia. As a matter of fact the metal was at 
first called magnesium because it was obtained from a 
compoimd called magnesia nigra, which we now call 
manganese dioxide (MnOa). As the same name for 
two different metals resulted in considerable confusion 
Buttmann, in 1808, arbitrarily changed it to manga- 
nese and it has been so-called ever since. 


■ Pronounced tnon'-^o-nen. 
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Its Oeeurrenee . — ^Manganese is never found £cee but 
occasionally as an alloy with iron in meteorites. The 
chief source of the metal is the mineral pyroluaiU, 
which is the dioxide of manganese and this 

always has some iron in it. Many other minerals 
contain it as hraunite, a silicate of manganese 
(SMmOa^nSiOt), manganite, the hydrous oxide of 
manganese both of which axe widely 

distributed, and it is also found in other metal-bearing 
ores. Before the World War the largest amounts of 
manganese ores came from Bussia, and the next great- 
est producers were India and Brazil. Manganese ores 
found in the United States are not as high grade as 
those of Russia. 

Its History . — The minmral pyrolusite, which is man- 
ganese dioxide {MnOi) has been ^own from antiquity, 
and Basil Valentine, the alchemist, as well as chemists 
who came after him, believed it to be an iron ore. 
Pott showed in IHO that it could be made to produce 
a definite series of salts and Sheele proved that it was 
the oxide of a new but unknown metal. Manganese 
was first isolated by Gahn in 177 Gahn obtained 
it from manganous carbonate (MnCOt), Brunner ob- 
tained it from manganous fluoride (MnFt) and, finally, 
Moissan obtained it from manganese chloride (MnClt,~ 
in the electric furnace. 

Its Physical Properties . — ^Manganese is a grayish- 
whit^ lustrous metal with a reddish tinge. Its specific 
gravity is 8.0. It is about as hard and brittle as iron 
and resembles this latter metal in many of its physical 
and chemical properties, but it is not magnetic. It has 
a mdting point of 1B(FI degrees centigrade, or B200 
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degrees Fahrenheit, and is not malleabla (See Figure 
SI.) 

Ha Clmnical PropeHUa.—'Fhe uymbol for manga- 
nese is Jfn and its atomic weight is 5^.98. When it is 
pure it is not affected by dry air but moist air oxidizes it 
a little. Manganese has five valences and, it follows, it 
forms a series of five compounds which are entirely 
different from each other. They are (1) the 



Fio. 21. — Solid MANGAifBSE Railboad Cbobsiho 
(Courtesy of American Manganese Steel Co.) 


ganoua compounds, MnO, Mn{0n)2j MnSO^^ etc.; 
(£) the manganic compounds, which are MnsOz, 
Mn(OH)tj 3fna(504)s and MnCh; the manganites, 
which are MnOt, HiMnOa and CaMnOt', the manga- 
natea, which are MnOz, HtMnOt and KiMnO*; and, 
the permangcmatea, which are MntOi, EMnO*, and 
EJ£n04. 

The Metal Mofybdenum . — Its Name . — The name 
molybdenum comes from the ancient Latin word 
molyhdtna which in ancient Roman times meant the 
mineral gahna, a lead sulphide {PbS), or litharge, a 
lead oxide (PbO). Thus Pliny in his writings used 
word molyhditna to mean any substance which 
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(oantained lead. As late as the middle of the eighteenth 
century this word was used to mean galena but about 
that time it was changed oyer to mean (a) graphite or 
piumhago or hlacJe lead, as it is variously called^ but 
which is not lead at all but carbon^ and (b) the mineral 
molyhdenite which is molybdenum disulphide {M082). 
It was Sheele who first pointed out the difference be- 
tween these two substances in 1778, as well as to con- 
vert molybdenum disulphide into molyhdic acid.^ It 
was not until nearly the end of the eighteenth century 
when the metal was isolated by Hjelin that it was given 
the Heo-Latin name of molybdenum. 

Its Occurrence. — ^Molybdenum is never found free 
in nature but is always combined with other substances. 
There are numerous minerals which contain it but only 
two of them are of commercial importance and these 
are molybdenite which is molybdenum disulphide 
and wulfenite, which is lead molybdate 
(PbMoO^t). These ores are found in the United States, 
Canada and other parts of the world. 

Its Physical Properties. — ^Molydenum is a silver- 
white metal and has a specific gravity of 9.01. It is 
about as hard as iron and like the latter takes up carbon 
and can be tempered. Its melting point is higher than 
platinum being ^585 degrees centigrade, or Jf.595 de- 
grees Fahrenheit. It is malleable and can be welded; 
it is ductile and can therefore be drawn into wire. 

Its Chemical Properties. — The symbol of molybde- 
num is Mo and its atomic weight is 96.0. It behaves 
chemically in some respects like a nonmetal as, for ex- 

0 There are eeveral of these acids the simplest of which is 




THE UNCOMMON METALS 119 

ample, it does not easily replace the hydrogen in acids 
when dissolved in them to form salts, although its oxides 
will dissolve in acids. 

The metal forms several oxides the chief ones of 
which are MoOt, MoiO» and MoOs', when this last 
named substance, which is the trioxide, is made to com- 
bine with water it forms compounds that are called 
molyhdic acids, of which the simplest is HsMoOt and 
this consists of needlelike crystals, and H 2 M 0 O 4 ., JfHiO 
which is also crystalline. When these acids are made to 
combine with the bases of other metals they form a 
series of compounds that are known as the molybdates. 

The Metal Selenium . — How It Oot Its Nome . — 
Selenium is the Neo-Latin name for selene which is the 
ancient Greek appellation for the moon. The metal was 
given this name because it closely resembles tellurium 
which had been discovered a short time before it and 
which was named from the Latin word tellus meaning 
the earth. 

Its Occurrence . — Once in a long while selenium is 
found in its free state in native sulphur and more fre- 
quently in the mineral iron pyrite which is a ferrous 
disulphide (Ee/S' 2 ), or fool’s gold as it is commonly 
called. It is also found in the dust-flues of the pyrite 
burners in sulphuric acid works. The chief source of 
selenium is the selenides, as the minerals are called, ift 
which it is combined with some of the heavy metals. 
The principal ones of these are clansthalite, a lead 
selenide {PhSe ) ; eucairite, a copper and silver selenide 
f{Ag,Cu)i8e) ; crooTcesite, a copper, thallium and silver 
selenide {(<JuAgTl)i8e), etc. 
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Its History. — Selenium was discovered by Berzelius 
in 1817. (See Figure 22.) He isolated it from the 
crystals formed in lead chambers of sulphuric acid 
works. In 1909 Warren found traces of it in iron 
meteorites. 

Its Physical Properties. — Selenium is a yes and no 
element by which I mean that sometimes it is a metal 



Fig. 22 . — A Portrait of Berzelius, the Discoverer of 
Selenium 

From a cast made of selenium. 


and sometimes it is a nomnetal. As a matter of fact, 
it is alloiropic, that is it takes on different forms just as 
graphite may take on the form of the diamond and the 
other way about, and each form has a different set of 
properties. 

The three chief forms of selenium are (1) the red, 
amorphous form, (2) the brownish-black vitreous form, 
and (3) the gray crystalline form, and this is the 
metallic form of it. This last named form is prac- 
tically a nonconductor of electricity in the dark but is 
a VOTy good conductor in the light.^ The metallic form 
of selenium has a specific gravity of ^..S. 

^Wlien selenium is exposed to the light its electrical conduc- 
tivity is proportional to the light that falls on it. 
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Its Chemical Properties. — The symbol for selenium 
is 8 e and its atomic weight is 79 .SB. It bums in air 
with a purple flame and gives ofF a disagreeable odor 
very much like that of horse-radisL The element com- 
bines directly with numerous metals, hums in oxygmi 
when they form selenium dioxide (Se02) and combines 
violently with chlorine. The chief compounds of 
selenium are the dioxide (8e02), the trioxide is un- 
known; selenic acid (n28eOi) which is a white solid 
substance; selenium oxychloride (8eOCl2) which is a 
powerful corrosive and a violently active liquid, and 
the tetrachloride (8eCh). 

The Metal Titanium. — Its Name. — One of the 
legends of Greek mythology tells about the offspring of 
Uranus and Gsea, who were known as the Titans and 
all of whom were giants of strength. For this reason 
the word Titan has come down to us as the incarnation 
of the power to resist force. The metal titanium was 
named after it because of the strength of the chemical 
combination in which it is held by its natural com- 
pounds and which made its isolation a difficult task 

Its Occurrence. — Titanium is never found free in 
nature but it occurs as a black mineral called menacha- 
nite * in the sands of Menaccan in Cornwall, England, 
and more plentifully in the minerals amaiase, or octo- 
hedrite as it is also called, hroohite, and rutile^ all of 
which consist of titanimn dioxide (TiOz) ; in ilmeniie, 
which is ferrous titanate (FeTiOt) that is, a compound 
of iron, titanium and oxygen; titarude, which is cal- 
cium silicotitanate (GaTi 8 i 0 s), and in smaller amounts 
in some other minerals. While the deposits of the 


8 Pronounced me-naoA'-a-nife, 
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various titanium minerals are widespread those of im- 
portance are few and far between, the chief ones being 
in the United States, Canada, Norway, South Australia, 
Quebec, Canada, and Sweden. 

Its History. — A new metal was discovered by Gregor 
in 1789 in the mineral menachanite and he named it 
menachite. In 1793 Klaproth found a new metal in 
ilmenite and he called it titanium because he could not 
isolate it, and later he ascertained that the minerals 
menachanite and ihnenite were one and the same and, 
it follows, the metals they contained were identical; 
for this reason the new metal was thenceforth known as 
titanium. 

Lampadius, in 1797, tried to isolate the metal and 
later on Berzelius made the attempt, but they only suc- 
ceeded in getting either the nitride or carbide of it. In 
1895 Moissan obtained the metal free from nitrogen 
and oxygen but it had about S per cent of carbon in it. 
Finally, Hunter isolated it in a practically pure state. 

Its Physical Properties. — Titanium is a silver-white 
metal and when fractured it looks very much like steel. 
Its specific gravity is .4.5 and it melts at about 1850 de- 
grees centigrade, or 3362 degrees Fahrenheit. When 
cold it is hard and brittle but when heated to redness it 
is as malleable as iron. 

Its Chemical Properties. — The symbol for titanium 
is Ti and its atomic weight is J^7.9. When the metal 
bums in air it gives a dazzling white light. It has a 
great affinity for oxygen, nitrogen and carbon. When 
combined with oxygen it forms three oxides and these 
are TiOt, TiO» and TitO». When the dioxide {Ti02) 
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is made to combine with bases the titcmates, as the stilts 
of titanic acid (HtTiOt) are called, are fonned. 

The Metal Tellurium.— Jfo Nome . — ^In the ancient 
Koman religion TeUus, or Tellus Mater, which means 
Mother Earth, was the goddess who personified the 
eartL Her duty was to receive and nourish the seed 
sown and to care for the growing fields. The metal 
under consideration was named tellurium by Elap- 
roth after tellus which in Latin means the earth. 

Its Occurrence . — Tellurium is occasionally found in 
small amounts in its free state as a crystalline substance 
but its chief source is in minerals that contain other 
metals. Among these are tellurite, which is tellurium 
oxide (TeOt ) ; sylvanite which is a silver-gold telluride * 
(AgAuTe2 ) ; tetradymite, which is bismuth telluride 
(Bi2(Te,8)z), and in various other minerals. Tel- 
lurium and its minerals are widely distributed, being 
found in Ontario, Mexico, South America, Western 
Australia, Japan, Colorado and California. The chief 
source of the metal is, however, that obtained from the 
flue dust of sulphuric acid works along with selenium. 

Its History . — ^In 1782 von Bichenstein discovered a 
new metal in a gold ore, and in 1798 it was isolated 
by Elaproth who, as I have said above, named it tel- 
lurium. 

Its Physical Properties . — ^Tellurium is a white, shin- 
ing crystalline metal and has a specific gravity of 6.27. 
It melts at Jf52 degrees centigrade, or 8^6 degrees 
Fahrenheit, and boils at llfOO degrees centigrade, or 
2562 degrees Fahrenheit. It is a curious allotropic do* 


■ The word telluride means any compound that is formed of 
tellurium and another element or radical that acts as an elemont. 
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ment having any one of three different states or condi- 
tions, very much like selenium, and on this account it 
was given the Latin appellations of aurum paradoxum 
and metaUum problematum. When in the metallic state 
its electrical conductivity varies according to the amoimt 
of light that falls on it though this is not nearly as 
great as in the case of selenium. 

Its Chemical Properties . — The symbol of tellurium 
is Te and its atomic weight is 127.5. It does not 
oxidize in air but when burned in it the dioxide {TeOt) 
is formed. It combines directly with the metals, and 
with the alkali metals it forms tellurides some of 
which will dissolve in water. It forms two acids, 
namely, tellurious acid (HtTeO») and telluric acid 
(HiTeO*'2RzO), both of which are crystalline solid 
compounds. The trioxide (TeOt) is made by heating 
telluric acid. Tellurium forms two chlorides, Le., the 
dichloride {TeCU) and the tetrachloride {TeCU) both 
of which are crystalline solids. Hydrogen telluride 
(HaTe) is made by the reaction of an acid on a tel- 
luride and when this takes place the metal itself is 
precipitated. 

The Metal Thallium . — Its Name . — The ancient 
Greeks used the word thallos when they meant a green 
twig, and when Sir William Crookes discovered the new 
metal in 1861 he gave it the name of thallium because 
its spectroscopic line was about the same color as that 
of a fresh green twig. 

Its Occurrence . — ^Minute particles of the free metal 
are found in various kinds of pyrites such as are used 
in making sulphuric acid, and this is its chief source. 
The only mineral which has this metal as its major con- 
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stituoit is croohesite,^* a selenide of copper, silver and 
thallimn (CujAg,Tl)28e), which is found at Suraland 
in Sweden. 

Its History . — ^In 1861 Crookes was making a spectro- 
scopic analysis of the fine dust produced by the roasting 
of seleniferous pyrites, that is an iron mineral which 
contains selenium, in the sulphuric acid works at Tilke- 
rode in the Harz mountains in Germany. He observed 
a bright green line that had not been charted before in 
the spectra of the various elements. He thought that 
the element belonged to the sulphur group but Lanry 
who succeeded in isolating it found it to be a metal 
and it is this that we now know as thallium. 

Its Physical Properties . — Thallium is a bluish-white 
metal and has a specific gravity of 11.86; it is, there- 
fore, a little heavier than lead, which it closely re- 
sembles in many of its properties, and, like the latter, 
it has practically no tenacity or elasticity. It melts at 
301 degrees centigrade, or 67^ degrees Fahrenheit, and 
boils at a white heat. 

Its Chemical Properties . — The symbol for thallium 
is Tl and its atomic weight is 30^.^. It has been called 
the omithorhynchus paradoxus “ of the metals because 
in its properties it stands about halfway between the 
heavy metals and the alkali metals. In most of its 
properties it is very like lead but its hydroxide (TlOH') 
exhibits the properties of sodium and potassium. When 

10 Named for Sir William Crookes. 

11 So termed from the amithorhynohua, or duckbill as it is 
commonly called. It is the strangest of all living animals being 
a cross between a bird and a mammal since it has a bill like 
a duck and lays eggs and has long soft fur on its body. 
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exposed to air it oxidizes veiy quickly and when heated 
in air it gives a purplish vapor. 

On placing it in water the oxide on it dissolves and 
the metal again becomes bright. If left in water for 
any considerable time the reaction forms the hydroxide 
(TiOE). The metal gives two series of salts and these 
are (1) thallic salts, which are quite like those of 
aluminum, and (2) thallous salts, which resemble those 
of sodium and silver. 

The Metal Tantalutn. — Its Name. — In Gre^ 
mythology Tantalus^* was a king who was punished 
for broadcasting by word of mouth the secrets of Zeus.^* 
This castigation was accomplished by placing him up 
to his chin in a magic lake and hanging tempting fruits 
around his head. When he tried to sip the water or to 
get the fruit they both receded from him and so tan- 
talized him to the limit of his mental endurance. The 
metal was named tantalum because it defied all attempts 
to isolate it for a long time though each chemist who 
tried to do so thought success was with him. 

Its Occurrence. — Tantalum is found with colum- 
bium in various rare minerals such as columhite, a 
ferrous columbate {Fe{CbO»)t ) ; tantalite, an iron 
tantalate which also contains manganese and colum- 
bium (Fe{TaOi) 2 ) ; and yttrotantalite, which contains 
columbium, iron, calcium, csesium, erbium, yttrium, 
etc. (YtCoFeCa(CeOt) 2 ). Because tantalum and 
columbium are so very nearly alike it is very difficult 
to separate them. These minerals are found in Massa- 

isTUb is where we get the word tantaliee. 

It Pronounced 20*. 
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chusetts and South Dakota, but the chief source is 
iScandinavia and Australia. 

Its History. — ^It was discovered by Ekeherg in 1802 
in the mineral that is now known as tantalite, and was 
isolated in 1820 by Berzelius. 

Its Physical Properties. — Tantalum is a silver-white 
metal and has a specific gravity of 16.8. It has a 
considerably higher melting point than platinum, 
namely 2850 degrees centigrade, or 6162 degrees Fah- 
renheit, while its tensile strength is greater than that 
of steel. 

Its Chemical Properties. — The symbol for tantalum 
is Ta and its atomic weight is 181.6. When heated a 
little in the air it ignites and forms the pentoxide 
(ToiOii), and this compound, in turn, combines with 
the bases when the tantalates are produced. The metal 
resists acids of every kind except hydrofluoric acid and 
concentrated sulphuric acid. 

The Metal Vanadium. — Its Name. — The medieval 
Scandinavians had a goddess whom they called Feya 
Vanadis and when Sefstrom investigated a metal that 
had been previously discovered but to which no dis- 
tinctive appellation had been applied, he named it 
vanadium in her honor. 

Its Occurrence. — ^Vanadium is never found free but 
occurs combined with hydrogen and oxygen as vanadic 
acid in various minerals, the two chief ones being vanor 
diie^ which is a lead chloro-vanadate (Pb»(V04)tCl), 
and camotite which is a potassium uranyl vanadate 
(Kt0,2U0,V20ti,8H20), that is potassium, luanium 

There are three of these oxyacide of vanadium, namely 
B,VOt, STO, and H,VtO,. 
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and vanadium are found together in it. Yanadite 
comes from Spain, Chile and Argentina, Southwest 
Africa, Northern Bhodesia, Arizona and New Mexico, 
while camotite comes from Colorado and Peru. 

Its History. — The metal was discovered by Del Eio 
in 1801 and investigated by Sefstrom in 1880 and by 



Pio. 23. — VANADiOTt Steel RAn,EOAD Cab Speikg 
A one-ton weight was dropped on its side from a height of 25 
feet. It was bent out of shape but not broken. (Courtesy of 
Vanadium Corporation of America.) 

Wohler and Berzelius in 1881. It is a very diflScult 
metal to isolate in a pure state but Roscoe succeeded 
in doing so in 1868. 

Its Physical Properties. — ^Vanadium is a silver-white 
metal and its specific gravity is 6.08. It melts at about 
1760 degrees centigrade, or 8180 degrees Fahrenheit. 
(See Figure S8.) 

Its Chemical Properties. — The symbol for vanadium 
48 V and its atomic weight is 61.0. It is not oxidized 
when exposed to the air and does not react with weak 
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alkalies, cold sulphuric or hydrochloric acid. It reacts, 
however, with melted potassium nitrate and forms po- 
tassium vanadate. The metal is both basic and acid; 
it forms five different salts with oxygen, the most 
stable one being the pentoxide (V2O5). When heated 
with sodium and sodium nitrate, sodium metavanadate 
(NaVOs) is formed. 

The Metal Zirconium . — Its Name . — This metal 
gets its name from the mineral zircon and this word, 
in turn, comes from the Persian root zargun which 
means yellow or golden, and describes the color of the 
metal. 

Its Occurrence . — ^Zirconium is only found in com- 
bination with other elements. There are several minerals 
which contain it, the two chief ones being zircon, an 
orthosilicate of the metal (Zr 8 i 04 ,)y and wohlerite, a 
silicate and columbate of calcium, sodium, zirconium, 
etc., {NaCa) (SiZr) Os. These minerals are widely dis- 
tributed, being found in Norway, Brazil, and Ceylon, 

Its History . — ^Zirconium was discovered by Klaproth 
in 1789 in the mineral zircon, and it was isolated, 
though in an impure state, by Berzelius in 182 If. 

Its Physical Properties . — ^Zirconium is an allotropic 
element and exists in three different forms: (a) as an 
amorphous black powder, (6) as scales of a steel-gray 
color, and (c) as a gray crystalline metal that bears a 
close resemblance to cast-iron. The metal has a specific 
gravity of 6.^ and it melts at 1960 degrees centigrade, 
or 8560 degrees Fahrenheit. The amorphous form oxi- 
dizes when exposed to the air at ordinary temperature^ 
when the dioxide {ZrOs) is formed, and in its natural 
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state tMs is known as zirconia. To make the metallic 
fonn combine with the oxygen of the air, it must 
brought to a white heat when the dioxide (ZrOa) 
also formed. 
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CHAPTER Vn 
THE RARE EARTH METALS 

In chemistry the word earth is used to mean the 
natural oxide of a metal and, it follows, an earth metal 
is one which when combined with oxygen forms an 
earth, as, for example, alumina^ which is the oxide of 
aluminum and from which the metal aluminum is 
obtained. 

The rare earths are those which are formed of metals 
that are not only very scarce but which can only be 
obtained from them, or reduced as it is called, with 
difficulty; indeed, several of the metals of the rare 
earths have yet to be had in their free states. These 
metals are known to exist, however, because they show 
characteristic lines in the spectrum and because of the 
way their oxides behave chemically. 

History of the Rare Earths and Metals. — The 
first of the rare earths or oxides of the rare metals was 
discovered by Gadolin, a Finnish chemist, in 179Jlf, and 
this he obtained from a heavy black mineral ^ that came 
from Ytterby, Sweden. This rare earth, or oxide, 
formed about two-thirds of the mineral and his experi- 
ments showed that in some ways it behaved like calcium 
oxide and in others like aluminum oxide, or alumina 
as it is commonly called. Gadolin named the new oxide 
yttria and later on the metal which formed it was given 
the Neo-Latin name of yttrium. 

1 Later on this mineral was given the name of gadolinite after 
Gadolin. 
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Table of Babe Eabth Metals 


Family and Metal 

Symbol 

Atomic 

Number 

Atomic 

Weight 

The Cerium Family 



\ 

Lanthanum 

La 

57 


Cerium 

Ce 

58 

140.25 

Praseodymium 

Pr 

59 

140.92 

Neodymium 

Nd 

60 

144.27 

Illinium 

11 

61 


Samarium 

Sa or Sm 

62 

150.43 

Europium 

Eu 

63 

152.0 

Gadolinium 

Gd 

i 

64 

157.26 

The Yttrium Family 




Terbium 

Tb 

65 

159.2 

Dysprosium 

Dy 

66 

162.52 

Holmium 

Ho 

67 

163.4 

Erbium 

Er 

68 

167.7 

Thulium 

Tm 

69 

1 169.4 

Yttrium 

Y 

39 

88.0 

Ytterbium 

Yb 

70 

173.6 

Lutecium 

Lu 

71 

175.0 


The next discovery of a rare earth or oxide was made 
in 180S by Berzelius and Hisinger who worked together 
and Elaproth who worked independently. This new 
oxide was found in a mineral that came from Bastnas, 
Sweden, and to the oxide Klaproth gave the name of 
ceria, while to the metal the Neo-Latin name of cerium 
was given, the reason for which will be explained a little 
further along. Now while the discoverers of yttria and 
ceria believed them to be simple compounds, that is that 
each one consisted of a metal combined with oxygen, it 
was later shown, as you will presently see, that they 
contained several new oxides and, it follows, new metals. 
Thus it came about that those oxides and their metals 
which occur in yttria were placed under one heading 
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and called the yttrium family or group, while those 
which were found in ceria were called the cerium family 
or group. 

How as the cerium family have the lowest atomic 
numbers and the lesser atomic weights they were given 
first place in the table that lists them. You will also 
please observe that the atomic numbers of the rare earth 
metals as well as their atomic weights run in arithmeti- 
cal sequence, that is all of them do so with the exception 
of yttrium itself, and this metal, as a matter of fact, 
does not really belong to the family of rare earth metals 
but has been classed with them by chemists because it is 
found in the same minerals as the others and behaves 
like them chemically. 

History of the Ceriiun Family. — Thirty years 
after Berzelius and Hisinger and Elaproth had dis- 
covered cerium, which is to say in 18S9, Mosander 
found that ceria contained another oxide and to this 
he gave the name of lanthania and its metal was Latin- 
ized to lanthanum. Two years later he showed that 
lanthania contained still another oxide and this he 
named didymia. 

The next discovery in the line of the cerium family 
was made by de Boisbaudran in 1879 and this was 
samaria, the natural oxide of samarium, which he 
foimd in the mineral samarshite. Then in 1886 von 
Welsbach discovered that didymia consisted of two 
oxides and one of these he named praseodymia and the 
other neodymia. In 1880 Marignac obtained a new 
earth in an impure condition and he gave it the pro- 
visional name of o yttria, that is alpha yttria; in 1889 
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de Boisbaudran recognized that this oxide contained 
another one and he gave the name of gadoUnia to it 
In 1896 Demarcy obtained a new oxide from samaria 
and this he named europia. Finally in 1926 Hopkins 
discovered the last of the rare earth metals illinium 
in the residue of neodymia by means of the X-ray spec- 
tral lines of the former. A graphic representation of 
these successive discoveries is given in the following 
table: 


The Development op the Cesium Geoup 


Ceria 

X803 


Ceria 

1803 


Lanthana 
1839 ' 


Lanthana 

1839 

Didymia 
mi ' 


('Didymia 
1841 


Samaria 

1879 


fNeo- 

dymi£L| 

1885 

Praseo- 

dymia 

1885 


Neo- 

dymia 

1885 

Illinia 

1926 


Samaria 

1879 

Gado- 

linia 

1889 


f Samaria 
1879 


Europia 

1896 


History of the Yttrium Family. — The yttria family 
or group of rare earths or natural oxides and their 
metals had its beginnings when Gadolin, in 179^, sepa- 
rated the new earth or oxide yttria from the mineral 
gadolinite. The next step was taken by Mosander in 
184S when he found that yttria also contained two other 
oxides which he called erbia and terhia. Following this 
research Marignac, in 1878, obtained the oxide ytterhia 
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from erbia and then Soret and Clive in 1879 found 
that erbia also contained two other oxides and these 
were named holmia and thulia. In 1885 Urbain and 
von Welsbach obtained lutecia from ytterbia and, finally, 
de Roisbaudran separated the oxide dysprosia from 
holmia, all of which is shown graphically in the fol- 
lowing table: 


The Development of the Yttbium Gboup 

f Ytterbia 
1878 


C Yttria 
1794 


f Ytterbia J 
1878 i 


Lutecia 

1885 


Yttria J 
1794 1 


Erbia-Terbia 

ms 


Terbia-Erbia 

184S 



Erbia 

Holmia 


ms 

1879 

Erbia 

Holmia ^ 


ms ' 

1879 

Dys- 



prosia 


Thulia 

1885 


. 1879 



The Metals in Detail 

In the following detailed descriptions of the rare 
earth metals I have listed them alphabetically instead 
of the way they occur in the first table given in this 
chapter which is in accordance with the periodic sys- 
tem, or the second and third tables in which they are 
placed in their historical sequence. 
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The Metal Cerium. — Its Name. — The Latin name 
for wheat and other grain is ceres and the Roman god- 
dess of the wheat fields was in consequence called 
Ceres. The first of the planetoids was discovered by 
Fiazzi in 1801 and he named it Ceres after the Roman 
goddess. Then shortly afterwards a new rare earth 
was discovered by Berzelius and Hisinger and Klap- 
roth and the latter named it ceria after the planetoid 
and the metal was given the Neo-Latin name of cerium. 
Its Occurrence. — The metal cerium is a constituent 
of the oxide ceria and this latter occurs in various 
minerals of which cerite, which is a complex silicate 
of cerium and other metals of the rare earth group 
(CejLajNdtPr(8i0i),H20), is the chief one. It is 
also found in monazite, a phosphate which also con- 
tains some of the other cerium group of metals 
{{Ce,La,etc.)POi) , and in a few other minerals. All 
of the minerals containing the cerium family of metals 
are found chiefly in Sweden, the Ural Mountains, 
Brazil, India, Australia and the United States. 

Its History. — The rare earth ceria was recognized 
by Berzelius and Hisinger, and independently by Klap- 
roth in 180S. Mosander obtained the first pure oxide 
in 18Jt2 and the metal was first isolated by Berzelius. 

Its Physical Properties. — The metal cerium looks 
very much like iron. It has a specific gravity of about 
7.0 and a melting point of about 623 degrees centigrade, 
or 1153 degrees Fahrenheit It is quite soft, about as 
malleable and ductile as lead, and a poor conductor of 
electricity. (See Figure 2Jh) 

Its Chemical Properties. — The symbol for cerium is 
Ce and its atomic weight is I^O.IS. It is not affected 
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by dry air but is oxidized by moist air. When cerium 
is scratched with a piece of steel, or filed, or struck with 
a piece of flint it throws off a shower of sparks. Cold 
water has very little effect on it but when immersed in 
boiling water hydrogen is slowly set free and the metal 
is oxidized and becomes black Its chief compound is 
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ceria, which is cerium oxide (CeOz) and this is a white, 
infusible compound. 

The Metal Dysprosium. — Its Name. — This metal 
gets its name from the Greek word dysprositos and this 
was compounded from dys which means hard and 
prosos meaning to speak with. It lives right nobly 
up to its cognomen for it is very hard to speak with, 
that is, to isolate from its oxide. 

Its Occurrence. — ^Dysprosium is found in very small 
amounts in the mineral gadolinite, which is a silicate 
of yttrium earths or oxides {Fe,YtiBet8it0u>)’, euxe- 
nite, a tantalate which contains several of the rare earth 
metals ((Y,Er,Ce)2(TijNb)9Fe(UO)Oi») and xeno- 
time which is an yttrium phosphate (YPO*). 
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Its History. — ^Dysprosium was discovered by means 
of spectral analysis by de Boisbaudran in 1886. In- 
stead of announcing his discovery immediately, be 
deposited a sealed statement with the Academie des 
Sciences in which he gave an account of the way he 
had isolated it from its earth. After he had verified 
his find the paper was opened and made public. The 
oxide of the metal was obtained in its pure state by 
Frbain in 1906. 

Its Chemical Properties. — The symbol for dyspro- 
sium is Dy and its atomic weight is 162.5. It forms a 
white oxide (PyiOt) and when this is dissolved in an 
acid it gives the solution a yellowish-green color. It 
also forms a chloride {PyCh, 6 H 20 ) ; a nitrate 
(I>y{N0t)%,5Ht0) ; a sulphate {Dy2(80)s,8E20) 
and several other salts, and all of which have a slightly 
yellow color. 

The Metal Erbium. — Its Name. — When Mosander 
separated a new oxide from the mineral gadolinite he 
called it erhia from the town of Ttterby, Sweden, 
where the mineral came from, and the metal was, in 
consequence, given the Neo-Latin name of erbium. 

Its Occurrence. — The chief source of erbium is the 
mineral gadolinite but it is also found in euxenite, xeno- 
time and fergusonite, which latter is a columbate and 
tantalate of yttrium {YHT,Ce(JJh,Ta)Oi) and some of 
the other rare earth metals. 

Its History. — ^Erbia, which is the oxide of the metal 
erbium, was discovered by Mosander in 18Jt2 in yttria, 
the oxide of the metal yttrium. 

Its Chemical Properties. — The symbol for erbium is 
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Er and its atomic weight is 167.7. It is not affected 
by water but dissolves slowly in hot acids when it 
forms a series of salts that are rose colored, have a 
sweet, astringent taste and give acid reactions. The 
oxide (ErtOt) is infusible but when it is heated to 
incandescence it glows with a brilliant green light. 
Erbium also forms the sulphate (Er 2 ( 80 *)», 8 Es 0 ) ; 
the nitrate {Er(EO»)»f6HtO), and the very soluble 
double sulphates, erbium with potassium (Er2(S04.)t,- 
K280*y^H20), and with ammonium {Er2(S0*)»,- 
(Nm)2S04,4H20). 

The Metal Europitim . — Its Name . — This metal was 
originally given the provisional appellation of the Greek 
capital letter E which is pronounced Sigma and is the 
equivalent of our letter 8. A little later its discoverer 
named it europium after Europe. 

Its Occurrence . — Europium is found in the minerals 
gadolinite, xenotime and samarskite. 

Its History . — In 1889 Crookes observed a new spec- 
tral band in some earths he had obtained from gadoli- 
nite and samarskite and believing it to be due to a 
new metal he called it N. Then in 1896 he obtained 
the oxide of a new metal from the same minerals and 
this he named europium. It was found later on that 
2 and europium were one and the same metal. The 
oxide of this metal was first obtained in its pure state 
by Urbain and Lacomb in 190^. 

Its Chemical Properties . — The symbol of europium 
is Eu and its atomic weight is 162.0. The metal itself 
has not yet been isolated but its various compounds 
have been obtained. Its chief compounds are its oxide 
(EuxOi), which is a pale pink powder; its chloride 
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(EuClt); its hydroxide (Eu(0E)»); its oxychloride 
(EuOCl ) ; its carbonate {Eua(C0»)») and, finally, its 
sulphate (Eu2(S04.)»,8H20). 

The Metal Gadolinium.— Its Name. — This metal 
was named in honor of John Gadolin, the Finnish 
chemist, by de Boisbaudran. 

Its Occurrence. — Gadolinia, which is the oxide of the 
metal gadolinium (GdaOs) is found in the mineral 
gadolinite [^(YjCe,La,NdJ*rJ)i) 2 Be 2 Fe 8 i 20 ia)'\ which 
is also found in monazite, samarskite, which is a colmn- 
bate and tantalate of iron, calcium, uranium and some 
of the rare earth metals [ {Fe,Ca,V) * ( CeJ)iJja,Y i^Er) *- 
Cb^ToflOa)] and also in Norwegian ytterspar. 

Its History. — The history of gadolinium goes back 
to 1880 when Marignac found a new earth and gave it 
the provisional appellation of o yttria, that is, alpha 
yttria. The metal was definitely discovered by de Bois- 
baudran in 1889. 

Its Chemical Properties. — The symbol of gadolinium 
is Gd and its atomic weight is 157.26. The metal forms 
a white oxide (OdaOt) and this has the property of 
absorbing carbon dioxide from the air. It dissolves 
easily in acids and its salts are colorless. Its chief 
salts are the chloride (GdClafiRaO) , the sulphate 
{Gda^SOi^i^HaO) and the nitrate (^Gd^NOt^tjSHaO), 
and these are the least soluble of the entire earth series. 

The Metal Holmium. — Its Name. — This metal gets 
its name from Holmia^ the Latinized form of Stockholm, 
in the neighborhood of which the minerals that contain 
it are found. 

Its Occurrence . — There are several minerals that con- 
tain holmium, the chief ones being gadolinite, xenotime, 
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euzenite, orthite, which is a silicate having several of 
the rare earth metals in it, and comes from Hittero 
and Ttterby. 

Its Chemical Properties . — The symbol of holminm 
is Ho and its atomic weight is 16S.6. The metal itself 
has not yet been isolated and its chemical properties 
are so like dysprosium that its elemental character was 
long a matter of doubt. The earlier samples of its 
oxide contained large amounts of dysprosium and so 
the later and purer products are called neo-hohnia. The 
oxide of holmium {HoiOi) has a yellowish color and 
dissolves in many acids when it forms salts that have an 
orange-yellow color. The salts of holmium have a high 
magnetic susceptibility. The other chief compounds 
of holmium are the carbide (Ho4Ct), the chloride 
(EoCls), the hydroxide (Ho(OH)s), the nitrate 
{Eo(NOz)») and the sulphate (Eo2{80i)4). 

The Metal Illinivun . — Its Name . — This metal was 
named illinium after Illinois by Hopkins, its discoverer, 
who is a professor of chemistry at the University of 
Illinois. The metal itself has never been isolated and, 
it follows, there is no information available concerning 
its properties or even its atomic weight. It is perfectly 
safe to assume, however, that it fits in closely with the 
other members of the rare earth group. 

In a recent letter from Dr. Hopkins to the present 
author he states that during the last six years he and 
his assistants have been working industriously in an 
attempt to increase the knowledge concerning illinium. 
They have attempted to concentrate the illinium from a 
quantity of rare earth material which represents 5 or 6 
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ferns of monazite sand. A chedmp brings the estimate 
that their effort has brought together about 10 grams 
of illinium, and this is still far from being free from 
other rare earths. 

It sems quite certain that illinium is one of the three 
or four rarest metals that are now known. The di£B- 
culties of obtaining workable quantities are increased 
very materially by the fact that it is always associated 
with the other members of the rare earth group which 
are so very much more abundant 

The Metal Lanthanum. — Its Name. — The ancient 
Greeks had the word lanthanos for anything that was 
concealed, and as the new metal was so well concealed 
that it was difficult to isolate, Mosander gave it the 
name of lanihanum. 

Its Occurrence. — It is found in the oxide of earth 
that is associated with the cerium metals in cerite, 
monazite, and orthite, and it is also found in lanihanite 
as a carbonate (Lai{Cot)t,9E20), which latter mineral 
occurs in Lehigh County, Pennsylvania, and Essex 
County, New York 

Its History. — ^It was discovered in 18S9 by Mosander 
and isolated by him in the form of numerous fine 
globules which had the appearance of a powder. Hille- 
brand and Norton obtained the metal in mass form in 
1879. 

Its Physical Properties. — ^Lanthanum is a lead-gray 
metal whose specific gravity is 6.16. It is fairly duc- 
tile and malleable and has a melting point of about 810 
degrees centigrade, or IJfiO degrees Fahrenheit. 

Its Chemical Properties. — The symbol for lanthanum 
is La and its atomic weight is 188.9. It oxidizes 
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qmddj when exposed to air and decomposes water 
slowly when the latter is cold and rapidly when it is 
hot It dissolves in nearly all acids and with them 
forms salts, most of which are colorless and have an 
astringent taste. 

Its chief compound is the oxide (LoiOs), which 
has a white color and is the strongest base of the 
group; when this is slacked with water is gives the 
hydroxide (La(Ofi)«). Its chloride {LaClz) is very 
soluble in water, and forms double salts with chlorides 
of gold and platinum. Then there is the nitrate 
(La(N 0 a)i, 6 H 20 ) ; the oxalate (La 2 (C 20 i)t) which 
is more or less hydrated ; the carbide (LcuCt) which is 
decomposed by water and gives a mixture of acetylene 
and methane gases; and, lastly, the nitride (LaN). 

The Metal Lutecium . — Its Name . — The Latin word 
for muddy is luieus and because the river that we know 
as the Seine was turbid, the ancient Romans called the 
chief settlement that stood on its banks Lutetia, which 
in more recent times became Paris. As the discoverer 
of the rare metal now Tinder consideration was a 
Frenchman, he gave it the Neo-Latin name of lutecium. 

Its Occurrence . — ^Lutecium is found in about all of 
the minerals which contain yttrium, namely, gado- 
linium, xenotime, polycrase and bloomstrandine. Thrae 
minerals are the chief sources of lutecia, which is the 
oxide containing the metal, but the amounts in them 
are very small. 

Its History . — ^Marignac separated lutetia from the 
erbium earths in 1878. Then in 1907 Urbain and in 
1908 von Welsbach explained how ytterbia could be 
divided into two distinct elements, and the latter wanted 
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to name one of them aldebaranium after Aldehwrm, a 
star of the first magnitude in the eye of Taurus, and the 
other cassiopeium after Cassiopeia, one of the northern 
constellations. 

Since TJrbain separated out these two earths first he 
was really the discoverer of the new metals and to the 
first of them he gave the name neo-yiterhium or just 
ytterbium as it is now called, and to the second one 
lutecium and these are the names they have since been 
known by. 

Its Chemical Properties . — The 'oxide of lutecium 
(LuiOa) reacts with the various acids and forms color- 
less salts, the two chief ones being the chloride (LuClt) 
and the sulphate (Lua(S0i)a,8E20) 

The Metal Neod 3 rmium . — Its Name . — The Greek 
word for new is neos and that for twin is didymos. 
The new metal was named neodymium because it was 
the second of a pair of elements that were discovered 
at the same time in the earth that had been known as 
didymia, the other twin metal being praseodymium. 

Its Occurrence . — ^Neodymium is found in all of the 
minerals which contain cerium and lanthanum but its 
chief source is cerite. 

Its History . — ^For a long time after its discovery the 
rare earth ceria was thought to be, simply, the oxide 
of the metal cerium but Mosander disproved this idea 
in 1839 when he showed that it was quite a complex 
compound and separated from it two new oxides and 
these were lanthania and didymia. Then von Wels- 
bach in 1885 found further that didymia was formed 
of the oxides of two other new metals and the latter 
he named praseodidymium and neodidymium, both of 
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which were quickly shortened to praseodymium and 
neodymium. 

Its Physical Properties. — ^Neodymium is a white, lus- 
trous metal with a yellowish tinge; its specific gravity 
is 6.95 and its melting point is SJfO degrees centigrade, 
or nJi-k- degrees Fahrenheit. 

Its Chemical Properties. — The symbol for neo- 
dymium is Nd and its atomic weight is 1 J^.. 27 . It is 
not oxidized when exposed to air. It reacts slowly with 
cold water and quickly with hot water. It absorbs 
hydrogen and its salts have a rose-red color. Its chief 
compounds are the oxide (Nd 20 t), the hydroxide 
iNd{OH)B, the chloride {NdCh), the fluoride (iV'dF,), 
the carbide (Nd^Ca), the sulphate {Nd 2 { 80 i)a), and 
the sulphide (NdaSa). 

The Metal Praseodymium. — Its Name. — This 
metal gets its name from the Greek roots prasios which 
means green and didymos meaning twin, and it is so 
called because its salts have a green color and it was dis- 
covered at the same time as neodymium. 

Its Occurrence. — Praseodymium is found in all of 
the minerals that have cerium and lanthanum in them 
but to a lesser extent. 

Its History, — The history of praseodymium parallels 
that of neodymium which has just been described. 

Its Physical Properties. — ^Praseodymium is a white 
metal with a slightly deeper yellow tinge than its twin 
neodymium, and its specific gravity is 6.60. It melts 
at about QJi-O degrees centigrade, or ITBlf degrees Fahr 
renheit, and when heated in air it ignites at 290 degrees 
centigrade, or 65Jt degrees Fahrenheit. 

Its Chemical Properties. — The symbol for praseo- 
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dyrnium is Pr and its atomic weight is l^O.QH. It does 
not oxidize when exposed to dry air hut does when 
subjected to moist air. It absorbs hydrogen and its 
salts have, in general, a green color. Numerous com- 
pounds have been produced with it and chief among 
these are its oxide (Pr»Ot) ; its hydroxide (Pr{OH)») ; 
its chloride (PrCla), which is formed of bluish-green 
needle-like crystals, its carbonate (Pr 2 {COa)t) ,8HaO) , 
which is formed of silky green scales; its fluoride 
(PrFz), a gelatinous precipitate, which when warmed 
forms a mass of yellow glistening crystals and these 
take on a green color when viewed by reflected light ; the 
hydride (PrHt) ; the sulphate (Pr2{804.)t) and, lastly, 
the sulphide (PnSa). 

The Metal Samariiun . — Its Name . — There was 
once a Russian mining engineer who bore the cog- 
nomen of Samarski and the mineral known as samarsleite 
was named for him. As the new metal was found in 
this mineral its discoverer called it samarium. 

Its Occurrence . — Samarium is found in various min- 
erals that contain the cerium earths but when the metal 
itself is wanted the chief sources are cerite, allanite, 
euxenite and samarskite. 

Its History . — The metal samarium was discovered 
with the aid of the spectroscope by de Boisbaudran in 
1879. In the same year he separated its oxide samaria 
from that of didymia and then isolated the metal by 
electrolysis. 

Its Physical Properties . — Samarium is a whitish 
metal and its speciflc gravity is 7.7 to 7.8. It is very 
brittle, has the hardness of steel, and melts at 1850 
degrees centigrade, or 8^68 d^ees Fahrenheit 
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Its Chemical Properties. — The symbol for samarixun 
is 8a or 8m as you like it, and its atomic weight is 
150. IS. It oxidizes quickly in air and becomes coated 
with a yellow film. The chief compounds of samarium 
are its oxide (SmjOs), its chloride (SmCU), its hy- 
droxide {8m(0E)i), its nitrate {Sm{N 0 z)», 6 n 20 ), 
its sulphate ( 8 m 2 (S 04 )a) and its sulphide (SmaSa). 

The Metal Terbium. — Its Name. — ^When Mosander 
separated the new oxide from that of yttria, he gave it 
the name of ierhia in honor of the town Ytterby in 
Sweden, and the metal was given the Neo-Latin name 
of terbium. 

Its Occurence. — Terbium occurs in the same minerals 
as erbium. 

Its History. — In 18 Jt^ Mosander separated the oxide 
of erbium from that of yttrium but when other chemists 
tried to do so they failed and they used the name to 
denote an oxide that had a rose-red color. Then in 
1887 Delafontaine succeeded in getting the oxide that 
Mosander had obtained nearly half a century before and 
which he called erbia; since that time this name has 
been applied to the original oxide while that discovered 
by Mosander and Delafontaine has come to be known 
as ierbia. In other words, erbia became known as 
terbia and terbia as erbia. 

Its Chemical Properties. — The symbol for terbium 
is Tb and its atomic weight is 159.2. Its chief 
compounds are its oxide {TbaOa), its hydroxide 
(Tb(OH)a), its chloride (TbCla) and its nitrate 
(ThiN0a)a,6E20). 

The Metal Thuliiun. — Its Name. — The discoverer 
of this new metal named it thulium which is the Neo- 
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Latinized version of Thule, an ancient name for Scandi- 
navia. 

Its Occurrence. — It is found in euxenite, zenotime 
and a few other minerals. 

Its History. — Thulium was discovered by Cleve in 
1897 while he was trying to find out what gave the 
rose color to the salts of erbium. 

Its Chemical Properties. — The symbol for thulium 
is Tm and its atomic weight is 169.4. The salts of 
thulium are green and its chief compounds are the 
oxide (TwisOs), which is a dense white powder; the 
hydroxide (Tm^OH^i) ; the chloride {TmClz,7H20) ; 
the nitrate (Tm{NOa)a,4HiO), and the sulphate 
(Tm 2 (^ 80 t') 2 , 8 H 20 '). 

The Metal Ytterbium. — Its Name. — This metal 
also gets its name from the town of Ytterby, Sweden. 

Its Occurrence. — It occurs in practically all of the 
minerals that contain yttrium. 

Its History. — The earth or oxide of ytterbium was 
first obtained by Marignac in 1878 from erbia, the 
erbium earth or oxide, and it was thought to be an 
element until 1905 when von Welsbach showed by means 
of the spectroscope that it was a complex substance. 
Then in 1907 Urbain separated it into two oxides and 
one of these he named neo-yttetiium and the other 
lutecium; the former metal is now called simply 
ytterbium. 

Its Chemical Properties. — The symbol for ytterbium 
is Yh and its atomic weight is 178.6. It forms color- 
less salts and its chief compounds are its oxide 
(F6*0«), its hydroxide {Yb{OH)t), its chloride 
\YbCUfiH 2 O), ilB carbonate (Fl>*(C0a).,.4H»0) ; its 



THE BARE EARTH METALS 149 

nitrate {Y}>{NOz)z,SEiiO), its bromide {YhEnySHtO), 
its sulphate {(Yh 2804 )zX 8 H 20 )i and several phos- 
phates. 

The Metal Yttrium , — Its Name , — I have already 
explained in the early part of this chapter that the 
metal yttrium was named after the town of Ytterby, 
Sweden, because it was from this place that the mineral 
gadolinite, in which it occurs, was found. 

Its Occurrence , — Yttrium is found in practically all 
of the rare earth minerals but its chief source is gadolin- 
ite, euxenite, xenotime, polycrase and samarskite. 

Its History . — The oxide of this metal was discovered 
by Gadolin in and the metal itself was isolated 

from it by Wohler in 1828, 

Its Physical Properties . — ^Yttrium is a lustrous pow- 
der having an iron-gray color when freshly obtained 
and comes in the form of small scales. Its specific 
gravity is S.8 and it melts at 1J^^90 degrees centigrade, 
or 271Ji. degrees Fahrenheit. 

Its Chemical Properties . — ^After yttrium has been 
kept for some time its color becomes darker and this 
is not due to oxidation but to the photo-chemical action 
of light upon it. It oxidizes quickly in air and when 
burnt in air it is converted into the oxide (YzOz), while 
if placed in water it is changed into the hydroxide 

(Y{OE)>)- 

The salts produced by yttrium are colorless and its 
chief compounds are the chloride (YCU, 6 H 20 ), the 
carbonate (Ys(C 0 t)»,BH 20 ), the nitrate (Y(NO»),), 
the bromide {YBrt, 9 HiO), the fluoride 
the sulphate (Yt^SOt)*), the siflphide {Y» 8 »), and 
various yttrium phosphates. 



CHAPTER Vm 
THE RADIOACTIVE METALS 

The most marvelous discovery of the nineteenth cen- 
tury was that of the radioactive metals and their 
compounds. By radioactive metals are meant those that 
disintegrate, send out rays and are transformed into 
other elements, and which by virtue of these properties 
behave physically in ways that are entirely different 
from those of the other known metals and their com- 
pounds. 

How Radioactivity Was Discovered . — The Oeiss- 
ler Tvhe . — ^Now to begin at the very beginning of radio- 
activity, a German instrument maker named Geissler 
made the first vacuum tube (see Figure 25), which 



Fiq. 26. — Geissler Tube 


has ever since been known as the Geissler tube. This 
tube, which he invented in 1850^ has a wire electrode 
sealed in each end and the air is partly pumped out of 
it at the time of sealing. Now when this low vacuum 
tube is connected with a spark coil the tube will glow 
with a soft radiant light. 

The Crookes Tube . — ^About 1875 Sir William 

Crookes, an English scientist, made tubes of various 

160 
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shapes and with an improved air-pump he was able to 
exhaust them to a much higher degree than Geissler 
did his tubes, with the result that the molecules of air 
or gas which still remained in them had free play and 
so exhibited various new properties. Thus when one 
of the Crookes tubes, as they are called, is connected 
with a spark coil the negative electrode, or cathode, pro- 
jects forth a stream of cathode rays, and this is formed 
of particles of negative electricity, or electrons as they 
are now known. 

The Discovery of the X-Rays . — It is now almost 
thirty-five years since Professor Wilhelm Rontgen, a 
German physicist, discovered that when a Crookes tube 
was energized by a spark coil it would set up outside 
of it rays that had the power to pass through black paper, 
wood and flesh but which were stopped by bone, the 
metals and other dense substances, and, further, they 
acted on a photographic plate like light waves. 

Rontgen did not know what these penetrative rays 
consisted of and so he called them X-rays. It is now 
well known that they are waves in and of the ether 
exactly like light waves except that they are a thou- 
sand times shorter than the shortest light wave. These 
exceedingly short waves are set up by the electrons 
that are shot forth from the cathode of a Crookes tube, 
or X-ray tube as it is now called, when they strike 
the hard piece of metal which forms the anode, and 
the waves that constitute the X-rays are projected from 
it and pass through the tube as shown in Figure 26. 

The Discovery of the Becquerel Bays — ^Almost as 
soon as Rontgen discovered the penetrative power of 
the X-rays, physicists and chemists the world over began 
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to test varioiis minerals, the compounds of mat iilg 
the metals themselves in order to find out if there was 
any kind of a substance which would give out rays 
of a like nature. Then in 1897 Henri Becquerel, of 
France, found that uranium ores gave out rays that 
would pass through black paper and affect a photo- 



graphic plate, though, of course, they were much more 
feeble than those set up by an X-ray tube. These new 
rays were called Becquerel rays after their discoverer. 

The Discovery of Radium Bays. — A year after 
Becquerel discovered the rays that bear his name, that 
is to say, in 1898, Madame Curie and Professor 
Schmidt, who were working independently of each 
other, found that the salts of thorium produced rays 
like those of uranium. Then in the same year Madame 
Curie separated the first radioactive substance from the 
mineral which contained it and this she named polonium 
after her native country, Poland. This metal which has 
not yet been isolated, appeared in the precipitate which 
she obtained while she was trying to isolate radium, 
along with bismuth to which it is ch^ically related. 
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and so Meyer and Schwindler called it radioactive 
bismuth; the precipitate also contained tellurium and 
Markwald called it radio-tellurium. 

Next Monsieur and Madame Curie discovered that 
the mineral uraninite, or pitchblende ^ as it is called, 
which is made up chiefly of uranium oxide (iJsOs), 
emitted rays that were far more active than those of 
uranium alone. This fact led them to believe that 
there was some other element in pitchblende which set 
up these very powerful rays and after a long series 
of chemical operations they separated a metal from it 
that was a thousand times more active than that of 
uranium and this they called radium. The way in 
which they did this is explained in Part II of Chap- 
ter XIV. 

The Metal Uranium , — Its Name . — In both Greek 
and Latin the word uranus means the sky and in Greek 
mythology Uranus was the personification of Heaven. 
iWhen Herschel discovered a new planet on the frontier 
of the solar system in 1781, he named it Georgium 
Sidles in honor of King George III. The astronomers 
of his time, however, preferred to call it Herschel after 
its discoverer, but later on Bode suggested the name 
of Uranus to match it up with the names of the other 
planets which were derived from classical mythology 
and it has been so called ever since. When the new 
metal was discovered by Klaproth a few years later 
he named it uranium after the planet Uranus. 

Its Occurrence. — Uranium is found chiefly in pitch- 
blende as the oxide (UzOb) together with smaller 

1 This mineral is called pitchblende because it has a black pitch- 
like luster. 
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amounts of several other metals. It is also found in 
camotite, which is a uranite and vanadate of potassium 
(KtOfSUOtfViOstSHzO'). Pitchblende comes from 
Bohemia and Cornwall, England, and camotite from 
Colorado. 

Its History. — The oxide and, it follows, the metal, 
was discovered by Klaproth in 1789 but the metal itself 
was not isolated until 18^2 when Peligot obtained it in 
its free state. 

Its Physical Properties. — Uranium is a nickel-white 
metal and has a specific gravity of 186.85 and it is 
therefore the heaviest of all the elements. It is malle- 
able, softer than steel and melts at about 1850 degrees 
centigrade, or SS62 degrees Fahrenheit. It sets up 
alpha rays, beta rays and gamma rays * and all of 
these will be described more fully as we push along. 
It disintegrates and after passing through four trans- 
formations is changed into radium. In these trans- 
formation states the uranium is changed into uranium 
XI; this into uranium X2, this into uranium 2, and 
this into radium, and all of which is shown in the ac- 
companying diagram. Figure 27. 

Its Chemical Properties. — The symbol for uranium 
is U and its atomic weight is 238.2 The metal is 
chemically very active and reacts vigorously with the 
halogens. It oxidizes very slowly in air at ordinary 
temperatures but it burns readily in oxygen when 
heated to 170 degrees centigrade, or 338 degrees Fahr- 
enheit and forms the oxide {UtOs). It dissolves in 
mineral acids and acts as an acid and as such pro- 

3 These rays are named after the first three letters of the 
Greek alphabet. 
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duces urarums salts as, for example, the peroxide 
(UOi)', it also acts as a basic element which gives 
uranyl salts, such as uranyl chloride {UOaCU), and 
the uranates which result when the oxide (,U0») com- 
bines with strong bases. 
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The Metal Radium.— Zfs Name . — ^We get the word 
radium from that of ray, which means a line that is 
projected from one point to another point and this, 
in turn, from the Latin root radius, which means the 
spoke of a wheel. 

Its Occurrence . — The metal radium is found in small 
quantities in the mineral uranite, or pitchblende 
(UsOs), and in carnotite {Ka0,SU0s,Va0s,Sn20), 
and it is chiefly from these sources that it and its com- 
pounds are obtained. 

Its History . — The history of radium has already been 
given under the caption The Discovery of Radium 
Bays. 

Its Physical Properties . — ^The metal radium when 
pure has the eolor and luster of silver, and its atomic 
weight is 225.95, and it is, therefore, the third heaviest 
metal. Radium has a melting point of 700 degrees 
centigrade, or 1290 degrees Fahrenheit. How radium 
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ifi different from the ordinary metals in that (i) it 
ionizes the air around it, (S) has a higher tempera* 
ture, about 1.5 degrees centigrade, or £ degrees Fahr- 
enheit, than the air surrounding it, (6) sets up and 
sends out rays, (. 4 ) produces physiological changes, 
and (6) disintegrates and changes into other elements. 

Its Property of Ionization . — By ionization is meant 
that the air is changed from a nonconductor to a con- 
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Fig. 28. — An Eleotbometeb fob the Detebmination op Radio* 
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ductor of electricity. This fact was discovered by 
Becquerel by means of an electrometer, an instrument 
formed of a pair of gold leaves supported at one end * 
as shown in Figure 28. Now when he held a crystal 
of the salt of uranium near the electrified leaves of 
the electroscope, which were, in consequence, spread 

sAn electrometer is easily made and you will find a detailed 
description of it in my Booh of Electricity published by D. Ap- 
pleton and Companyi New York. 
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apart, th^ at once collapsed. This action was brought 
about by the radioactive salt ionizing the air around 
the free end of the rod and thus permitting the electric 
charge to escape. The electroscope, then, provides an 
easy and sensitive way to tell whether a substance is 
radioactive and, further, the degree of its activity. 

Its Property of Producing Heat . — One of the first 
things that the Curies learned about radium was that 
the metal and its salts always maintain a temperature 
of about 1.6 degrees centigrade, or B degrees Fahren- 
heit, higher than that of the air around it. In other 
words, a given amount of it will give off enough heat 
to raise an equal weight of water from the freezing 
to the boiling point in one hour. Thus radium is con- 
stantly doing work without any external supply of 
energy. 

Its Physiological Properties . — ^Becquerel discovered 
that the radioactive rays have a pronounced effect on 
the tissues of the human body. He carried some 
uranium salts in a small bottle in an inside vest pocket 
and both to his surprise and dismay he found some six 
hours later that the rays had burned his flesh and 
made sores which took several weeks to heal. Later 
on, Dandos, a Parisian physician, discovered that these 
radioactive rays had a healing action in cases of lupus 
and other malignant growths. 

Its Property of Emitting Bays . — The radioactive 
properties of radium in ionizing the air, reducing the 
silver salts of a photographic plate, producing phos- 
phorescence and fluorescence, and other phenomena are 
all due to the rays it gives off. Now, as I have said be- 
fore, there are three kinds of rays given off by radium 
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and its compoimds and these are known as (1 ) the alpha 
rays, (g) the beta rays, and (5) the gamma rays. The 
nature of these rays was discovered in 1902 and 190$ 
by Butherford who sifted them out by passing them 
through a powerful magnetic field as shown in Figure 
29. The alpha rays are bent in one direction, the 


/^iajra^te Incite 


AUfPet 

N.>c/e 


Lead 


5 


L*a<l 


/JMa^tt^ic fielel 


^obo^raphie Pfaie 



B' MtBleciric Fiel<i 


Fig. 29. — Sifttitg Radium Rats by a Magnetic and an Electbio 

Field 


beta rays are bent in the other direction, while the 
gamma rays are not bent at all. 

The alpJia rays are formed of atoms of helium * gas 
and each of these carries a positive charge of electricity. 
These atoms travel at a speed of about 20,000 miles 
per second or a little more than one-tenth as fast as 
light. The heat that is set up by the radium is pro- 
duced by the atoms of the alpha rays colliding with 

*T}ii8 remarkable result is the first case discovered in which 
one stable element has been known to be transformed into an- 
other one. 
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others of a like kind and, further, when they strike 
certain substances, as for example, zinc sulphide, they 
make it luminous. The ionizing effect of the rays 
on air is also chiefly due to the alpha atoms. The 
alpha rays are not very penetrating for they are stopped 
by a sheet of paper or by aluminum foil that is OJ 
of a millimeter thick 

The beta rays are formed of minute charges of nega- 
tive electricity, or electrons as they are called, and 
these are shot forth from the metal and travel at a 
speed very nearly equal to that of light, namely, 
186,300 miles per second. The beta rays are nearly 
100 times more penetrating than the alpha rays and 
will pass through, for the most part, gold and sheet 
aluminum that is ^ of an inch thick. 

The gamma rays are exactly like light waves except 
that they are 1000 times shorter than the shortest wave 
length of light. The gamma rays are able to penetrate 
metals of considerable thickness and many other kinds 
of materials. 

Its Property of Disintegration . — Since it is the 
atoms of radium that give out the alpha and beta rays, 
it follows that there must be a corresponding amount 
of energy expended and that the radium atoms must 
disintegrate, that is, break up into their constituent 
particles of matter. This action is due to the insta- 
bility of the radium atom and as the breaking up of it 
continues to go on after the expulsion of the particles 
of which the rays are formed, the radium atom will be 
less stable than before. If this is true, about half of 
the particles of a given mass of radium will break up 
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in about £000 years. The supply of radium is not 
exhausted, However, because it is constantly being 
formed by the breaking up of uranium. 

Its Property of Transformation . — Before radium 
was discovered scientists believed that all of the ele- 
ments had existed as such ever since the beginning of 
time, that they could not be changed in any way and 
that they would continue to exist until the end of time. 
Now the radium that exists at the present time was 
not always radium, neither will it always be radium, 
for just as it has been made by the disintegration and 
transformation of uranium so, also, it is being slowly 
changed into other elemental forms the end-product of 
which is lead. 

It is not only known that uranium is being trans- 
formed into radium and that, in turn, the latter is 
being transformed into lead, but that the metal potas- 
sium is radioactive to a small degree, and this tends 
to show that all of the elements may be changing to 
still other elements, but the rate of change in them is 
so slow that no way has yet been devised to prove it. 
This brings us right back to the belief of the medieval 
alchemists that one element can be changed into another 
one and that the time may yet come when the baser 
metals can be changed into the noble ones. 

Under the subcaption of Its Physical Properties, 
I have shown how uranium is transformed in four 
stages into radium and now continuing the process I 
shall point out how radium is transformed in nine 
stages into lead. Starting then with radium this is 
transformed first into radium emanation, or niton as 
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Ramsey called it, but which has recently been renamed 
radon * to indicate its source. 

Radon changes into radium A, this into radium B, 
this into radium C, this into radium D, this into 
radium E, this into radium F, which is the element 
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Fig. 30. — ^The Transfoemation of Radium into Lead 


polonium,^ and this finally changes into lead, all of 
which is shown in the diagram Figure SO, 

The lead which is the end product is exactly like 
ordinary lead in all respects except that it is not quite 
as heavy, and it is therefore an isotope of lead, which 
means that its chemical behavior is the same as ordi- 
nary lead but that there is a small difference in their 
atomic weights. 

Its Chemical Properties, — The symbol for radium 
is Ba and its atomic weight is 222,95, It oxidizes 

s Radon Ib a heavy gas and belongs to the family of inert 
gases. It is an element with an atomic weight of 222. 

® The first radioactive substance discovered by Mme. Curie, and 
named by her in honor of her native country of Poland. 
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rapidly in air, decomposes water energetically and dis- 
solves in it forming the hydroxide It also dissolves 
in all acids, taking the place of the hydrogen in them 
and setting it free when its salts are formed. Its 
chief compounds are its oxide {Ba 02 ) ; its hydroxide 
its chloride {BaCU)’, its bromide 
(RaBri ) ; its nitrate {Ra(N0t)2 ) ; its carbonate 
(RaCOz), and its azide (Ra{N») 2 ) which is formed 
by the replacement of the hydrogen of hydrazoic 
acid by the metal. Radium is usually sold in the 
form of the bromide or the chloride and these are 
often mixed with the corresponding salts of barium. 

The Metal Thorium . — Its Name . — In Norse 
mythology Thor is the great god of thunder, and the 
metal thorium was named after him because it was 
found in the mineral thorite which occurs in Scan- 
dinavia. 

Its Occurrence . — ^While thorium is found in thorite, 
which is a thorium silicate (ThSiO), most of it is 
obtained now from monazite sand which occurs in 
Sweden, Greenland and the United States. 

Its History . — The metal thorium was discovered in 
thorite by Berzelius in 1828, and in 1898 Professor 
Schmidt and Madame Curie found that the salts of the 
metal emitted rays like the Becquerel rays from 
uranium. 

Its Physical Properties . — Thorium is a grayish- 
white metal and is very heavy, having a specific gravity 
of 12.16. It is about as hard and ductile as platinum 
and has a melting point of 1700 degrees centigrade, 
or 8092 degrees Fahrenheit. Like radium the metal 
thorium and its compounds give out three kinds of 
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rays, i.e., alpha lays, beta rays and gamma rays, and 
in its transfo3miation it produces a long series of sub- 
stances. In these transformations thorium is changed 
into thorium 1, or mesothorium, as it is called; this 
into thorium 2, or mesothorium 2; this into thorium X; 
this into thorium emanation; this into thorium A; 
this into thorium B; this into thorium C, and finally, 
this into an end product which is an isotope of lead. 

Its Chemical Properties . — The symbol for thorium 
is Th and its atomic weight is 2S2.12. When heated 
in air it bums with a bright flame, throwing out a 
shower of sparks, and forming the oxide (Th 02 ) or 
thoria as it is called. It slowly dissolves in all the 
common acids except hydrochloric acid and aqua regia, 
but it does not react with the alkalies. Its compounds 
are analogous to zirconium. 

Other Radioactive Metals. — There are a few other 
radioactive metals and chief among these are actinium, 
polonium, ionium and potassium. 

Actinium is a hypothetical metal and it has not yet 
been fully investigated. Its symbol is Ac, the atomic 
number S9 has been assigned to it, and its atomic 
weight is believed to be in the neighborhood of 230. 
It was discovered by Debieme in 1893 in the mineral 
pitchblende. A definite spectrum of it has not yet been 
obtained but its chemical properties show that it is 
analogous to thorium. 

Like radium it gives ofi three kinds of rays and these 
are o, 3 and y, i.e., alpha, beta and gamma rays. Its 
transformation gives radioactinium ; this gives actinium 
X; this gives actinium A, which does not give out 
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rays, and this changea into actinium B, which is active 
and gives out rays. 

Polonium is also a hypothetical metal. Its symbol 
(if it has one) is Po and its atomic weight is believed 
to be about MO. It was discovered by Madame Curie, 
in 1898, in pitchblende, and named ■polonium after 
Poland where she was bom. It is not nearly as active 
as radium and emits only the a-rays. It is probably 
an isotropic form of radium F. Chranically, it is 
closely related to bismuth and still closer to tellurium. 

Ionium is likewise a hypothetical metal. Its symbol 
is lo and its atomic weight is believed to be about 2S0i 
It was discovered by Boltwood in 1907 in the rare 
earths and is also found in the mineral camotite. It 
is the fourth transformation product of uranium and 
it is this element, i.e., ionimn, that changes directly 
into radium. 

Potassium and rubidium have been discussed in the 
chapter on the alkali metals and all that need be said 
about them here is that they are slightly radioactive. 



CHAPTER IX 

THE HYPOTHETICAL METALS 

A hypothetical metal is one which is believed to exist 
but which has never been isolated. Now there are 
three classes of hypothetical metals and these are 
(I) true hypothetical metals, (S) pseudo-hypothetical 
metals, and (S) mythical hypothetical metals. 

A true hypothetical metal is one which by every 
known test, such as its spectral lines, and its chemical 
reactions, shows that it really exists; a pseudo-hypo- 
thetical metal is one which has been proved to be (a) a 
substance that has the properties of a new metal, (b) a 
mixture of some of the metallic oxides, or (c) a metal 
that has previously been discovered. Finally, a mythical 
hypothetical metal is one that has little or no scien- 
tific evidence to show that it exists and which, as a 
matter of fact, does not exist. 

The Hypothetical Metal Ammonium. — ^As you 
probably know, ammonia {NHz) is a colorless gas and, 
as its formula shows, each of its molecules is mad© up 
of 1 atom of nitrogen and S atoms of hydrogen. Now 
ammonia {NHs) and water (H2O) have a great affin- 
ity for each other and when the former is dissolved in 
the latter they react with each other and one of the 
atoms of the hydrogen of the water combines with those 
of the hydrogen of the ammonia and a new compound 
is formed that has the formula NH4OH. 

The molecule NE4 of this compound is called a basic 
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radical, and this means that it consists of a group of 
atoms which is very hard to separate and which reacts 
with other substances as if it were a single atom. Ifow, 
curiously enough, the radical NH*, although it is 
formed of two gases, reacts directly with acids pre- 
cisely like the alkali metals in that it produces a series 
of salts. Not only this but like many of the metals, 
it forms an alloy with mercury, i.e., an amalgam, and 
this has a lustrous metallic appearance. 

In ISOS Davy isolated sodium, potassium and some 
of the other alkali metals from their oxides and See- 
beck produced an ammonium amalgam. Berzelius and 
Pontain believed that ammonia, although it is a gas, 
must be an oxide like soda and potash and that, it 
follows, one of its constituents must be a metal. Davy 
was of a like opinion and to this supposed metal he 
gave the name ammonium. Ammonium is, then, a 
pseudo-hypothetical metal since the radical NE* acts 
like an alkali metal. 

The Hypothetical Metal Junoium. — ^In 1811 
Thompson obtained a substance from the mineral 
allanite which he believed to be a new metal. To this 
he gave the name junoium after Juno, the Boman 
goddess who was the consort of Jupiter. Later on 
Scheerer, and then Thompson himself, showed that his 
conclusion was at fault and due to an error in his 
analysis. 

The Hypothetical Metal Vestium or Sirium. — ^In 
1818 Berzelius announced the discovery of a new 
metal which he named vestium after Vesta who in the 
ancient Boman religion was the goddess of the hearth 
and its fire. The substitute name of sirium came from 
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fiat of Sirius, a star of the first magnitude in the con- 
stellation of Canis Major. This metal which has two 
names has never been verified and it is therefore now 
considered to he more or less mythical 

The Hypothetical Metal Donarium.— >In 1851 
Bergman obtained the rare earth thoria from the 
mineral oranzite and he announced that it contained 
a new metal ; this he named donarium from the Latin 
word donarium which means a useful gift. It was 
later shown by Berlin, Damon and Delafontaine that 
the supposed new metal was formed of a mixture of 
thorium, uranium and lead. 

The Hypothetical Metal Wasmium.— In 1862 
Bohr claimed to have discovered a new metal in the 
minerals gadolinite and orthite, which he named was- 
mium after Wasmann, a friend of his. Then Delafon- 
taine, Stevens and Papp said he was in error and that 
his supposed new metal was simply impure cerium. 
Nickles claimed it was a mixture of yttria, terbia and 
didymia and, finally, Bohr himself identified it with 
thoria. 

The H 5 T)othetical Metals Mosandrium, Phillip- 
ium, Decipium and X. — The discovery of four 
hypothetical metals was announced in 1878. The first 
of these was made by Smith who obtained the sup- 
posed new metal from the mineral samarskite; this 
he named mosandrium after the chemist Mosander of 
Stockholm. It was later shown to be a mixture, the 
chief constitutent of which was the rare earth yttria. 

The second supposed new metal was the alleged dis- 
covery by Delafontaine who found it in the rare earth 
yttria. He gave it the Neo-Latin name of phiUipiutn 
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which means invective because he probably had need 
to use harsh and bitter words before he had obtained 
it and he certainly was jtistified in using it after he 
obtained it, for it proved to be a mhcture of yttria and 
terbia. 

The third of the supposed new metals to be found 
was due to Delafontaine’s researches. He described 
a new oxide he had obtained from the mineral sa- 
marskite and this he named decepia. He got this 
name from the Latin decipere which means to deceive 
and, it follows, that the constituent metal was called 
decipium. Later on de Boisbaudran found the new 
oxide to be identical with impure didymia which he 
separated from samarskite. So in any event decipium 
lived up nobly and well to its cognomen. 

The discovery of the fourth and last of the supposed 
new metals which was announced in 1878 was made by 
Soret who separated an oxide from the rare earth erbia, 
the constituent metal of which he designated by the 
letter X. It was afterward shown that X was identical 
with holmium. 

The Hypothetical Metals Ya and Y3. — 1880 
de Marignac believed he had discovered two new metals 
nT>d to the first of these, which he found in the mineral 
samarskite, he gave the provisional appellation of Yo 
and the second, which he obtained from gadolinium, the 
appellation of YP. The Eoman letter Y in both cases 
indicates their unknown nature while the Greek lower 
case letter a indicates that it was the first to be found 
by him and that of 3 indicates that it was the second. 
It mattered not at all which was first and which was 
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last for later on it was shown that Ya was identical 
with that of gadolinium and that YP was identical 
with samarium. 

The Hypothetical Metals Columbium and Rog- 
erium. — In 188Ji. Smith announced that he had discov- 
ered two new metals in samarskite. The first of these 
he called columbium, but this must not be confounded 
with the columbium that was discovered by Hatchett 
in 1801 and rediscovered in 1844 hy Rose, who re- 
named it niobium. The second of the metals Smith 
named rogerium in honor of William B. Rogers, an 
American geologist, for whom the mineral rogersite, 
which is an alteration product of samarskite, was also 
named. Both columbium and rogerium proved to be 
mixtures of the rare earths instead of elemental metals. 

The Hypothetical Metals Za, Z^, Z'i, Z and Si.— 
The years of 1886 and 1886 were fruitful ones as far 
as the discovery of hypothetical metals was concerned. 
In 1885 de Boisbaudran reported the discovery of two 
new metals in the rare earth terbia and to one of 
these he gave the provisional appellation of Za, the 
Roman Z standing for the unknown nature of the 
metal and the Greek letter alpha, which is equivalent 
to our a, meaning the first. To the other supposed 
metal he gave the appellation of Zfi, the little Greek 
letter being beta, which is the equivalent of our b and, 
ther^orei, meaning the second. 

Then in 1886 he announced the discovery of two 
more metals in terbia and to the first of these he gave 
the appellation of Zy, the little letter being gamma 
which is the equivalent of our g but it is the third 
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letter of the Greek alphabet. The second supposed 
metal he designated simply by the letter Z. 

Now Za and Zy proved to have been the previously 
discovered rare earth metal dysprosium, while Z^ and 
Z were found to be the previously discovered terbium. 
Also in 1886 Demargay announced the discovery of 
a new metal in the rare earth samaria and he gave 
it the appellation of Si and this later on turned out 
to be a mixture of the rare earths. 

The Hypothetical Metals Austrium and Rus- 
sium. — ^In 1886 Linnermann announced the discovery 
of a new metal which he had found in the mineral 
orthite and this he named austrium after his native 
country Austria. It proved, however, not to be a new 
metal but simply impure gallinium. Then in 1887 
Chrustchoff reported the find of a new metal which he 
had discovered in the mineral monazite. Being a Rus- 
sian it was but natural that he should name it russium. 
Like many of the other hypothetical metals, his turned 
out to be a mixture of the rare earths. 

The Hypothetical Metals Zz and ZL — ^In 1892 
the prolific chemist de Boisbaudran announced the find 
of two more new metals in the rare earth samaria and 
he gave these the provisional appellations of Zt, the 
little letter being the Greek epsilon which is the equiva- 
lent of our e, and Z^, the little letter being xi which 
is the equivalent of our x. These supposed new metals 
suffered the same fate as his 1885-1886 Z series for 
they were both found in due time to be identical with 
europium. 

The Hypothetical Metal Luciniiun. — ^In 1896 
Barriere found what he thought was a new metal in 
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ytfxia and to which he gave the name of lucinivm, a 
Heo*Latinized word that he derived from lucis which 
in turn came from lux meaning light. He so named 
it because it was used in the incandescent light of the 
Auer system. Lucinium, however, was destined to 
share the fate of many another hypothetical metal, for 
later on Crookes showed it to be an impure mixture 
composed chiefly of yttrium. 

The Hypothetical Metals Kosmium and Neo- 
Kosmium. — In 1896 Xosmann put forth the claim to 
having discovered two new metals in the overworked 
rare earth yttria and to the end that his name might 
forever go thundering down the corridors of scientiflc 
achievement, he called one of them Kosmium and the 
other neo-Kosmium. These two purely mythical metals 
were patented for the purpose of making gas mantles, 
but, alas and alackaday, his two alleged metals were 
soon shown to be, simply, mixtures whose chief con- 
stituents were yttria. 

The Hypothetical Metals Damarium and Glau- 
cod}miium. — In 1896 a supposed metal was found by 
Laner and Autsch in the mineral monazite and to it 
they gave the name damarium.^ Whether or not it is 
an element has not yet been decided. In the next year 
another new metal was aimounced by Chrustchoff and 
this he found in the rare earth didymia. He named it 
glaueodymium from the Greek word glaukos which 
means gray and didymos meaning twin. The metal has 
not yet been verified. 

1 The origin of this name is uncertain. It may have beeen 
derived from dafluaa, which in Hottentot means vanquished, and 
from this, in turn, came Damara, meaning a native of Damara- 
land, a country in Southwest Africa. 
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The H3rpothetical Metal Monium or Victorium.— 

In 1898 Crookes announced the discovery of a new 
metal which he had found in the yttria earths and 
to it he gave the provisional name of monium from 
the Greek word monies which means (done, because 
the position of its spectrum line stood apart from the 
others. He later changed the name of it to victorium 
in honor of Queen Victoria. He calculated its atomic 
weight to be in the neighborhood of 117.0 and then 
Urbain upset the whole thing, metal and all, by show- 
ing that the spectrum and atomic weight of 58 parts 
of yttria and ^26 parts of gadolinium were exactly 
the same as that of victorium and, hence, instead of 
being a new metal it was simply a mixture of these 
two rare earths. 

The H]ypothetical Metals r,A. — ^In 1900 four 
new metals were announced by Demargay, and the first 
of these he indicated by the Greek capital letter F, 
which is gamma and equivalent to our capital letter 0; 
the second by A, delta the equivalent to our letter D; 
the third Q, omega the equivalent to our letter 
0; and the fourth and last 0, theta, and equivalent to 
our sound of th. The first two of these supposed new 
metals he obtained from the rare earth terbia, the F 
metal which was presently proved to be terbium, and 
the A metal which was proved to be dysprosium. The 
latter two supposed new metals he obtained from 
yttria and these have yet to be verified. 

The Hypothetical Metal Euxenium. — ^In 1900 
Hoffinaim and Frandtl announced the discovery of a 
new metal which they called euxenium from the min- 
oral euxenite in which they found it; this latter name 
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was derived from the Greek word euxenos* which 
means good friend, and the mineral was so named 
because it contains a number of rare earth metals. 
Hauser and Wirth failed to find any indication of the 
existence of the new metal in the mineral and neither 
has any been found since then, hence it follows it must 
be classed as one of the mythical hypothetical metals. 

The Hypothetical Metals Berzelium and Caro- 
liniuxn. — In 190 Jt Baskerville added two more new 
metals to the hypothetical list, both of which he found 
in the mineral thorite. He named the first one herze- 
Kum in honor of the chemist Berzelius, and the second 
one carolinium after Carolina where Baskerville was 
bom. Both of these supposed new metals were re- 
ported as being radioactive but neither of them have 
to date been verified. 

The Hypothetical Metals Ionium and Incogni- 
tium. — In 1905 Crookes found characteristic lines in 
the ultra-violet end of the spectrum of the rare earth 
terbia and he believed that these were caused by the 
presence of two new metals which he named ionium * 
and incognitium. The former was so called from the 
Greek god Ion who was the son of Apollo, while the 
second was derived from the Latin word incognUus 
which means unJcnoivn. Some time later TJrbain found 
that the spectrum of varying mixtures of the sulphates 
of gadolinium and terbium gave lines which were iden- 

• This came from the Greek roots eu which means good and 
wenos meaning a friend. 

• This is not ^ same element as the ioniem discovered by 
Boltwood in 1907 in the uranium series and which is radUm 
emanation. 
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tical willi those obtained by Crookes &om bis ionium 
and incognitium. 

The Hypothetical Metals Aldebarium and Cassio- 
peium. — ^In 1898 von Welsbacb showed that ytterbia 
could be separated into two new metals and these he 
named cMeharium after Aldebaran, a star of the first 
magnitude in the constellation of Taurus, and cassi- 
opeium after the northern constellation Cassiopeia. A 
year before von Welsbach announced his discovery, 
Frbain had found two metals in ytterbia and one of 
these he named neo-ytterbium which is now known as 
ytterbium, and the other lutecium, and as these were 
idmitical with aldebarium and cassiopeium TJrbain 
was accounted to be the discoverer of the new metals 
and so the names he gave them have been retained. 

The Hypothetical Metal E.— In 1910 Exurer and 
Haschek announced that they had discovered in terbia 
a new metal which they provisionally designated by 
the letter E. It was, however, later proved to be a mix- 
ture of the rare earths. 

The Hypothetical Metal Celtium. — ^In 1911 
TJrbain reported the discovery of a new metal in the 
mineral gadolinite and this he named celtium. This 
Neo-Latin name was derived from Celtce which was 
the name applied by the ancient Romans to the Gauls. 
It was assumed to be a radioactive metal and that its 
rate of disinflation was about four times as fast as 
that of lutecium. Later on it was shown to be identical 
with that of the rare metal lutecium. 

The Hypothetical Metals Tbl, Tb2 and Tb3. — 
In 1918 von Welsbach believed he had discovered three 
new metals in the rare earth terbia and provisionally 
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designated them Thl, Th8 and ThS respectively, the 
Tb being the symbol for the metal terbium. These 
metals have remained imconfirmed up to the present 
time. 

The Hypothetical Metals Denebium and Dub- 
lium. — In 1916 Eber reported, that he had found two 
new metals in the rare earth ytterbia. He named the 
first one denehium, after Deneb, a fixed star in any one 
of several constellations, and the second duhlium, after 
DuhlCj a star of the second magnitude in the constella- 
tion of Ursa Major, or the Big Dipper as it is commonly 
called. The existence of these metals has thus far not 
been verified. 

The Hypothetical Metals Eurasamarium and 
Welsium. — ^In 1917 Eber announced that he had dis- 
covered another new metal and this one he found in the 
mineral samarskite. He called it eurasmarium because 
its position in the periodic system was between that of 
europium and samarium. Finally, in 1920, Eber re- 
ported the discovery of still another new metal in the 
rare earth terbia, which lay between terbium and dys- 
prosium. This metal he named welsium in honor of 
the chemist von Welsbach. Neither of these metals has 
been verified up to the present time. 



CHAPTEB X 
THE OLDEB ALLOYS 

Wb get the word alloy from the Latin stem alUga/re 
which means to hind and, it follows, this came from the 
roots ad which means to and ligare meaning hind. 
Now an alloy in its simplest sense is produced when 
two or more metals are melted and mixed together as, 
for exfiimple, in the combination of copper and tin, the 
alloy of which we call bronze. An alloy also results 
when one or more of the nonmetals are mixed with a 
melted metal or metals, for instance, carbon with melted 
iron. 

Alloys are of two general kinds, those (i) in which 
the metals and nonmetals forming them are mechanir 
colly mixed, and {2) in which they are chemically com- 
hined. An alloy of the first kind has a heterogeneous 
structure and its different components can be easily 
seen by polishing the surface of the sample, then etching 
it with acid and examining it under the microscopa 
Thus if you so treat and examine gray cast iron you 
will be easily able to distinguish the carbon content 
from the iron. 

An alloy of the second kind has a homogeneous 
structure, that is, its components are so thoroughly 
combined that they cannot be detected with a micro- 
scopa Hard steel, which is an alloy of about 1 per 

cent of carbon with iron, is of this kind, as are various 
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other alloys, such as copper and manganese and copper 
and magnesitun. 

The alloys of the various metals and nonmetals take 
on physical properties that are, in general, very differ- 
ent from the components of which they are formed. As 
an illustration, alloys have a lower melting point than 
their component metals and they are usually consider- 
ably harder than the components which compose them. 
Turther, certain alloys exhibit some very lemaikable 
properties which have to do with their expansion, elec- 
tric resistance, magnetic susceptibility, etc., and these 
will be described in connection with the various kinds 
as we take them up. 

The Alloys of Copper. — The oldest known alloys 
are those in which the chief component is copper, since 
this was the first metal that was worked by man. By 
alloying copper with some of the other metals its prop- 
erties can be greatly changed and, it follows, its uses 
can be widely extended. The chief alloys of copper 
are known as (f) bronze, and {2) brass. Now the 
difference between bronze and brass is that the former 
consists of copper alloyed with tin, with occasionally 
small proportions of other metals and nonmetals added 
to it, while the latter consists of copper alloyed with 
zinc. 

The Alloy Called Bronze . — ^The name bronze may 
have been coined in early Roman days from the city 
of Brundizium which is now known as Brindisi, Italy. 
Bronze was the earliest known alloy and was used for 
making tools and weapons, long before primitive man 
knew of iron. Bronze is a hard, brittle and sonorous 
alloy, its properties in these respects depending on the 



178 THE METALS 

relative proportions of its component metals. Because 
it was easily melted and tough, it was used for castings 
until the eighteenth century when the method of casting 




& - Brass 

Fio. 31. — ^UsETUX Household Objects Made or Bbohze ahd 
Bbass Allots 

iron was discovered. A bronze casting is shown at A 
in Figure SI. 

The Alloy Called Brass . — The name brass was 
rived from the Middle English hras and this from 
Anglo-Saxon hraes, and, it follows, this alloy must 
of comparatively recent origin. The various brass alloys 
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Fobmulas fob Bboitzb 


Kind 

Copper, 
per cent 

Tin, 

per cent 

Zinc, 

percent 

other 

MeitUe, 

percent 

Church bell metal . . 

78 

22 



Bronze for medals . . 

93.0 

7.0 



Statuary bronze .... 

90.0 

3.0 

2.0 


Phosphor bronze . . . 

92.0 

8.0 



Silicon bronze 

90.0 

6.0 



Gun metal 

91.0 

9.0 



Coinage bronze .... 

96.0 

4.0 



Britannia metal 

46.6 

1.6 


Lead 60.0 

Speculum metal i . . . 

66.6 

33.4 

■ 



1 Used for reflectors of telescopes. 


Formulas fob Brass 


Kind 

Copper, 
per cent 

Zinc, 
per cent 

Tin, 

per cent 

Other 

Metals, 

percent 

Common brass 

84.7 

5.3 

10.0 


Tough brass 

66.0 

44.6 

0.6 


Yellow brass 

66.66 1 

33.33 



White brass 

10.0 

80.0 

10.0 


Mosaic gold i 

67.0 

33.0 



Pinchbeck 2 

86 to 90 

16 to 10 



Gilding metal 

93 

7 to 10 



Red brass 

82 

18 to 10 



Dutch metal * 

80 

20 to 10 



Muntz metal 8 

68.96 

39.77 to 10 



Tombac 8 

91 


0.46 

Lead .41 





Iron .13 


1 This is ftn imitation gold the effect of which is heightened by means 
of a lacquer or the use of acids. 

SFrom the name of the inTentor. Used to imitate gold in m a king 
cheap jewelry. 

t Boiled or beaten in thin sheets and used in Holland to ornament 
paper and toys. 

4 Made ori^naDy by G. F. Munts in 1882 for ship*s dieathing and like 
purposes. 

8 Used for making dieap jewelry, gilding, etc, 
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range all the way from white to yellow in color, de- 
pending on the kinds and proportions of their alloying 
metals; thus a blrass which contains a large per cent 
of tin is white while that which contains a large per 
cent of zinc is yellow. Brass is very malleable, ductile 
and easily machined, but these and other properties 
of it depend, of course, very largdy on its composition. 

The Alloys of Iron. — ^Pure iron is too soft to be 
used for practical purposes. Piano wire is the purest 
that is used and this contains only about 0.8 per cent of 
foreign substances. Cast iron, which is made in the 
blast furnace, contains from 2 to 5 per cent of carbon 
and a like percentage of silicon along with small pro- 
portions of manganese, sulphur and phosphorus. Cast 
iron melts easily, is very brittle and while it can be 
tempered it cannot be welded or forged. The two chief 
grades of cast iron are called (i) foundry iron and 
(2) forge iron; the latter kind contains a large per- 
centage of combined carbon and is used in making 
wrought iron. 

What is known as the weld metals are made of iron 
that has not been thoroughly melted and these, in con- 
sequence, contain slag. These iron alloys are known 
as (a) weld or wrought iron and this has about 8 per 
cent of slag in it, and (b) weld, puddled, semi-steel, 
blister, or cement steel, as it is variously called, and 
this has from 2 to 8 per cent of slag in it. 

The ingot metals are those iron alloys that are made 
by thoroughly melting and, hence, they contain no slag. 
There are three general kinds of these alloys and they 
are known as (a) Bessemer steel, (b) openrhearth steel 
and (e) ingot steel. All of the above iron alloys have 
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a carbon content ranging firom 0.1 to S.O per cent and 
the first two are called hvo, soft or mUd steel, while the 
third, which has from O.S to Z.O per cent of carbon in it, 
is known as hard steel. 

When small amoimts of various metals such as alumi- 
num, manganese, silicon and titanium are added to 
iron in order to purify it, they are called scwoerngers or 
medicines, for they combine chemically with the im- 
purities in it and form slag so that they make up a 
part of the alloys themselves. When larger amounts 
of the various metals are added to iron, what are known 
as steel alloys result as these mix or combine with the 
iron and so form constituent parts of them. The vari- 
ous new steel alloys will be described in the next chapter. 

Fobuulas fob Ieon Allots 

(PKEBO-ALLOTS) 

Ferro<hromium contains about 67 per cent chromium, SS per 
cent iron. 

Ferro-manganeae contains 80 per cent manganese, 6% per cent 
carbon, isy^ per cent iron. 

Ferro-silicon alloys are of several grades and these contain 60, 
76, 80 and 96 per cent of silicon; carbon about 0.5 per 
cent, phosphorus and sulphur less than 0.10 per cent and 
the rest iron. 

Ferro-tungstate contains 60 to 86 per cent of tungsten and 
the rest iron. 

Ferro-vanadium contains S6 per cent vanadium and 66 per 
cent iron. 

The Alloys of Tin.— The Old Alloy Pewter . — This 
alloy was probably made by the Chaldeans, the Egyp" 
tians, the Greeks and the Romans, but the name we use 
for it comes from the Middle English word pewtyr. 
How there are various formulas for making pewter but 
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the chief component of all of them is tin. (i) The 
finest kind of pewter consists of 90 per cent of tin and 
10 per cent of copper. The inferior kinds are 

made of 75 per cent of tin and 25 per cent of lead. 
Small amounts of antimony and bismuth are also often 
added to make the alloy expand if it is to be cast. (See 
Figure 32.) 

What Babbitt Metal Is. — This metal is an anti-fric- 
tion alloy, and it is made in many varying proper- 



Fig. 32 . — Objects Made of the Old Alloy Called Pewter 


tions. One of the standard formulas for Babbitt metal 
is 88.9 per cent of tin, 8.7 per cent of copper and 7.b 
per cent of antimony. Another formula calls for 19 
per cent of tin, 6.9 per cent of zinc, 5 per cent of lead, 
3 per cent of antimony, b psr cent of arsenic, and 
the rest copper. This latter formula gives an alloy 
that is, in general, quite soft but which contains hard 
particles. When used as a bearing the latter bear most 
of the pressure of the shaft, yet as the alloy wears down 
the hard particles are forced into the softer metal and 
in this w^ a hard and smooth surface is always pro- 
vided. 
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Type and Stereotype Metals . — These alloys have a 
low melting point and, in contrast to nearly all other 
metals and alloys, they expand on cooling. One of the 
formtdas for type metal is ISO per cent of tin, 60 per 
cent of lead and 20 per cent of antimony. A formula 
for stereotype metal is iO per cent of tin, 70 per cent 
of lead, 18 per cent of antimony and 2 per cent of 
copper. A little nickel is often added to these alloys 
to make them hard and, it follows, more durable. 

Kinds of Solders . — ^We get the word solder from 
Latin solidwre which means to make solid. Now a 
solder is an alloy that is used to join metal surfaces 
together. To make the solder flow freely and to hold 
tightly a flux such as resin, borax or zinc chloride must 
be used to keep clean the surfaces of the metal to be 
soldered. 

There are two chief kinds of solders and these are 
known as (i) soft solders which melt at a low tempera- 
ture, and (^) hard solders which require a red heat to 
melt them. These latter solders are used for brazing 
brass and soldering gold, silver and other metals that 
have a comparatively high melting point and these will 
be described presently. 


Formulas foe Soft Solders 


Kind 

Tin, per cent 

Lead, per cent 

Tinner’s solder 

50 

60 

Plumber’s solder 

33 

67 


The Alloys of Nickel . — The Alloy Called Oerman 
Silver . — This alloy is not German, neither is there any 
silver in it It has, however, a white silvery color, does 
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not oxidize when exposed to the aii, is hard and tough, 
and malleable and ductile. It is formed of £6 per cent 
each of nickel and zinc and 60 per cent of copper. 

The Alloy for Nickel Coinage . — The properties of 
alloys, as I have previously mentioned, are usually very 
different from those of the metals they are made of. 
Thus, in the nickel coinage alloy, although the greater 
percentage of it is copper, it yet holds the color of the 
nickel that is in it. The alloy of which the five-cent 
piece, which we call the nickel, is made contains 85 per 
cent nickel and 76 per cent copper. Monel metal and 



Fio. 33. — ]VIamz, Metal, a Natubal Allot 
T he well-dressed locomotive wears jacket bands and cylinder 
casings of silvery monel metal. 


nickel steel are newer alloys of nickel and these will be 
described in the next chapter. (See Figure SS.) 

The Alloys of Gold. — ^Pure gold is much too soft to 
be used for jewelry and coinage and so it is generally 
hardened by alloying it with a little silver or copper. 
The gold-copper alloys are the most important as they 
are used both for jewelry and coinaga The standard 
gold-copper alloy consists, roughly, of 90 per cent gold 
and 10 per cent copper, and this makes a very malleable 
and ductile alloy and one that is extremely suitable for 
this purpose. 

Coinage and Jewelry Cold-Copper Alloys . — ^As I ex- 
plained in the chapter on the nohle metals a ca/rat is the 
unit of wei^t for gold and the more precious metals 
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and it is xtsed for estimating the fineness of them. Thus 
gold that is absolutely pure is 2J!i. carats fine and as the 
percentage of other metal that is used with it is in- 
creased, it follows that the fineness of the gold decreases, 
as the following table clearly shows: 


Standabd Gold-Coppeb Allots 


Fineness 

Gold, per cent 

Copper, per cent 

22 carats fine 

91.6 

8.4 

18 carats fine 

75.0 

25.0 

15 carats fine 

62.5 

37.5 

9 carats fine 

37.5 

62.5 


The first of these alloys, namely the 22 carats fine, 
is too soft for jewelry in general but is often used for 
wedding rings and mountings of rings which hold the 
precious stones and which have to be very ductile. The 
18 and 15 carat alloys are those that are usually em- 
ployed for high grade jewelry, and the 9 carat alloy is 
used where the jeweler is honest but not too honest. 

A Blue Gold Alloy . — This alloy which is called hhte 
gold is made of 75 per cent gold and 25 per cent iron. 

A White Gold Alloy . — This is made by melting to- 
gether from 90 to 80 per cent of gold and 10 to 20 per 
cent of palladium. 

A Hard Gold Solder . — ^For this solder use 75 per cent 
18 carat gold, 15 per cent silver and 10 per cent copper. 
For a softer hard gold solder and one that will melt 
at a lower temperature use 11.9^. per cent gold, 51^7^. 
per cent silyer, 28.17 per cent copper and 5.01 per cent 
zinc. 

The Alloys SHvetj— Silver-Copper AUoys . — A 

silver-copper alloy for either silver plate or for coinage 
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Bhotild contain as much as 90 per cent of silver and 
certainly not Iras than 80 per cent of silver. What we 
call sterling silver is an alloy of 92.5 per cent silver 
and 7.5 per cent copper; this is the proportion that has 
been legalized as the standard by Great Britain and it 
is the kind that is hallmarked.^ Where the alloy con- 
tains less than 90 per cent silver it cannot be hall- 
marked. This lower grade and on down to that which 
contains as little as 60 per cent silver is, however, often 
used for jewelry. 

Silver-Platinum Alloys . — These alloys are chiefly 
used by dentists for filling teeth and for this purpose 
they are better than silver-copper alloys as they do not 
blacken as easily and are much more durable. The two 
chief kinds are those which contain (7) 67 per cent 
silver and SS per cent platinum, and (2) 76 per cent 
silver and 25 per cent platinum. 

Silver-Tin Alloys . — These alloys are used for making 
fimfllgflTna with mercury which are used by dentists 
for filling teeth. The chief silver-tin alloys are made 
of UO to 60 per cent silver and 60 to ^0 per cent tin. 

Silver-Cadmium Alloy . — This alloy is used in the 
place of pure silver for the anode in electroplating be- 
cause it does not oxidize so easily. It is formed of 
from 80 to 99.5 per cent silver and 20 to 0.5 per cent 
cadmium. 

Hasd Silver Solders . — ^Hard solder for silver is 

formed of silver, copper and zinc. The more silver a 

■ .. * 

iTlie term hall mark is the official mark of the Goldsmiths’ 
Company of London, that is stamped on gold and silver articles 
to attest their purity. 
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solder has in it, the harder it is and the higher its 
melting point. 


Fobmulas fob Silveb Soldbbs 



Silver, per cent 

Copper, per cent 

Zinc, per cent 

Common 

62 

30.5 

7.6 

Easy 

70 

22.5 

7.6 

Hard 

80 

17.5 

2.6 


The Alloys of Platinum. — Since platinum is much 
more expensive than gold it is not used to any great 
extent for alloys though some jewelry and considerable 
chemical apparatus is made of it. 

Formulas fob Platinum Alloys 

Cooper^a gold contains 19 per cent platinum and 81 per cent 
copper. It has the color of 18 carat gold, is malleable and 
ductile and does not corrode. 

Platinum silver alloys: (!) contain 33 per cent platinum and 
67 per cent silver; (2) contain 35 per cent platinum and 
75 per cent silver. These are known as dental oLloya but 
are used to only a small extent. 

Standard electrical resistance alloy contains 33 per cent plati- 
num and 67 per cent silver. 

Platinum soldering alloy contains 37 per cent platinum and 
73 per cent silver. 

Platinum-iridium alloy contains 90 per cent platinum and 10 
per cent iridium. It is used for one of the wires in 
thermocouples and this, in turn, is used for the measure- 
ment of lugh temperatures, the other wire being pure 
platinum. It is also adopted by the Bureau of Standards 
for standard weights and measures. 






CHAPTER XI 
THE NEWER ALLOYS 

Th> art and science of metallurgy has advanced by 
leaps and boxinds during the last quarter of a century, 
but in no branch of it has the progress been more 
marked than in that which has to do with the making 
of new and useful alloys. The following are the chief 
outstanding ones. 

The Newer Alloys of Iron and Steel. — Duriron 
and Tantiron. — These alloys are rustproof and are not 
attacked by hot or cold, dilute or concentrated acetic, 
nitric or sulphuric acids. Duriron is formed of to 
16 per cent silicon, S to S.6 per cent manganese, 0.76 
to 1.25 per cent carbon, 0.05 to 1.0 per cent phos- 
phorus, 0.05 to 0.16 per cent sulphur and enough iron 
to make up 100 per cent. Tanivron consists of 8S.60 
per cent iron, 15.0 per cent silicon and 1.10 per cent 
carbon. 

The Alloy Permalloy. — The permeability of a metal 
or other substance is the ease with which it will con- 
duct magnetic lines of force. Thus iron has a per- 
meability that is several hundred times greater than 
that of air. Now the Western Electric Company de- 
veloped an alloy which they named permalloy, and 
this has an initial permeability which is about SO times 
greater than that of soft iron; it consists of 78 per cent 

nickel and 22 per emit iron. 
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The Ferro-alloys . — These are not true alloys, for 
very small amounts of the different metals are added 
to melted steel to make sounder and, it follows, better 
castings. These metals do not mix with the steel but 
they combine with the gases and other elements and 
so purify it 

Ferro-aluminum alloy is made simply by adding a 
small amount of aluminum to the melted steeL The 
aluminum combines with the oxygen of the steel, and 
this is itself combined with the carbon in it; the reac- 
tion forms aluminum oxide and this passes into the 
slag. 

Ferro-tiianium alloy is constituted of 10 to 15 per 
cent of titanium added to melted steel. This combines 
with both the oxygen and nitrogen there is in it, when 
these compounds pass into the slag. Ferro-vanadium 
alloy is formed by adding 0.10 to 0.15 per cent of 
vanadium to the melted steel and this not only removes 
the oxygen and nitrogen from the steel but at the same 
time greatly strengthens it. 

Nickelr Steel Alloy . — ^When pure steel is alloyed with 
S io Jf. per cent of nickel it is exceedingly hard, resists 
corrosion remarkably well and has a very high limit of 
elasticity. It is, therefore, used for armor plate, pro- 
peller shafts, wire cables, grids, etc. (See Figure 5.4*) 

The Alloy Invar . — This alloy gets its name from the 
word invariable because its coefficient of expansion,^ is 
exceptionally small. Thus the actual linear expansion 


1 TM» term means the ratio of the increase of length, of area 
or of volume of a body for a given rise in temperature (usually 
from 0 to 1 degree centigrade) to the original length, area or 
volume respectively. 
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of the pendulum of a grandfather’s clock, which is ap- 
proximately 39 inches long, will, when its temperature 
is raised 1 degree centigrade, or 1.8 degree Fahrenheit, 
become only two one-hundred thousandths (0.000002) 
part of an inch longer. Invar consists of 36 per cent 
nickel and 6Jt per cent steel. 



It is BO flexible it can almost be tied in a knot. 

Mamganese Steel . — This alloy may vary in its pro- 
portion from 7 to 20 per cent manganese and from 
93 to 80 per cent steel. It is a very hard and tough 
alloy and even when it is heated by frictional contact 
with other metals it does not lose its temper. It is used 
for burglar-proof safes, rock-crushers and railroad frogs 
and crossings. 

Chrome or Chromium Steel. — (1) When 3 per cent 
of chromium is added to steel it makes a very fine 
grained and exceedingly hard alloy. (2) When 60 per 
cent of chromium, 36 per cent of steel that has no 
carbon in it, and 4 per cent of molybdenum are melted 
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together the resulting alloy is practically acid-resisting 
and one that is scarcely a£Eected by even boiling hot 
acids. 

(5) To make a stainless steel alloy, that is, one which 
does not tarnish when it comes in contact with food- 
stuffs, you need only to melt IS to per cent of 
chromium with 86 to 88 per cent of pure steel. 
Chromium when used either by itself or in sufScient 
quantities in alloys, is extremely resistant to corrosion. 

Chrome-Vanadium Steel . — ^When 1 per cent of 
chromium and 0.15 per cent of vanadium are added to 
pure steel an alloy of such remarkable tensile strength 
results that it can be bent double when cold and still not 
break. It likewise opposes changes of stress and torsion 
with great resistance and these are the sufficient reasons 
why it is used for shafts, frames and axles of motor 
cars. 

Tungsten or High Speed Steel . — Obviously this alloy 
is called tungsten steel because it contains both tungsten 
and steel. Why it is called high speed steel is just as 
obvious when you know the reason, and that is when a 
tool is made of it for cutting metals the latter can 
move at a speed high enough so that although the fric- 
tion heats the tool red-hot it will not lose its temper. 
Tungsten steel or high speed steel contains from 10 to 
20 per cent tungsten, S to 6 per cent chromium and 
the remainder steel. 

The Newer Bronze Alloys.— A Zurntnum Bronze or 
Aluminum Gold . — This alloy is the finest bronze that 
has yet been made but its high cost has prevented it 
from being very widely used in the arts except for 
making jewelry. It has a beautiful golden color while 
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its mechanical and electrical properties surpass that of 
any other bronze, being at once light, strong, and re- 
sistant to oxygen and other chemical reactions. This 
alloy consists simply of 5 to IZ per cent almninum with 
95 to 88 per cent copper. The alloy when powdered 
and mixed with oil makes a very fine silvery-white 
paint 

Vanadium Bronze . — ^When copper and zinc are 
melted together and a very small amount of vanadium 
is added to them they form a bronze that is remarkably 
hard and tough. The formula for making vanadium 
bronze is to use 61 per cent copper, S8.6 per cent zinc 
and 0.6 per cent vanadium. 

Manganese Bronze . — This is a bronze that contains a 
small amount of manganese and this makes it very 
hard and tougL There are different formulas for man- 
ganese bronze and some of these contain zinc and some 
tin. The bronze containing the former metal is made 
of 88.00 per cent copper, 8.6 per cent zinc, 1.5 per 
cent manganese, the rest of it consisting of small 
amounts of iron, lead and phosphorus. The bronze 
containing tin is made of 88.00 per cent copper, 10.00 
pet cent tin and 2.00 per cent manganese. 

Tungsten Bronze . — The properties of this alloy are 
in some respects quite like those of manganese bronze 
which I have just described. It is a very simple alloy, 
being made of 90.00 per cent copper and 10.00 per cenf 
tungsten. 

Phosphor Bronze . — This is a very hard, highly elastic 
and exceedingly tough alloy and these properties are 
due to the introduction of a small amount ofi phos- 
phorus. The kind of phosphor bronze that is uied for 
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radio aerial wires contains 98,76 per cent copper^ 1,2 
per cent tin and 0.05 per cent phosphorus* 

Silicon Bronze , — This is also a very strong bronze 
that has a high tensile strength and is practically non- 
corrosive. For these reasons it is largely used for aerial 
wires. It is made of 97.12 per cent copper, 1.12 per 
cent zinc, I.IJ^ per cent tin and 0.62 per cent silicon. 

Manganin . — This alloy is formed of per cent cop- 
per, 12 per cent manganese and 4 per cent nickel 
Although it contains so large a percentage of copper, 
it has a high electric resistance, its conductivity being 
about SO times less than that of copper. Wire made of 
this alloy is largely used in electrical instruments be- 
cause its resistance does not change with ordinary 
changes of temperature. 

The Newer Alloys of Aluminum . — An Aluminum- 
Gallium Alloy . — This is one of those scientific believe- 
it-or-not things. If you will hark back to Chapter VI 
you will remember that gallium is one of the rare earth 
metals, that while it is tough it can be cut with a knife, 
and that it has a very low melting point, namely 30 
degrees centigrade, or 86 degrees Fahrenheit. If now 
you melt aluminum and gallium together they will form 
an alloy that will remain a liquid when it gets cold, 
Aluminum-Zinc Alloy or Aluminum-Brass . — This is 
a simple alloy that is formed of 70 per cent of aluminum 
and SO per cent of zinc. It is very light when com- 
pared with cast iron and very brittle * but Bufl&ciently 
strong for casting small parts such as the frames of 
sewing machines. 


*Any alloy tliat contains from 11 to 89 per cent aluminum 
is very brittle and highly crystalline. 
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Alumitmm-Siher AUoy or Mock Silver. — This alloj 
has a beautiful silveiy white color aud there is sufficient 
copper and tin in it to give it enough weight so that 
it approximates that of silver and, hence, it is called 
aluminum silver or mock silver. It is formed of 8^.S9 
per cent aluminum, 10.S0 per cent tin, 6.60 per cent 
copper and 0.01 per cent phosphorus. 

Aluminum Solder. — To solder aluminum you do not 
use a solder made of this metal but instead one that 
contains 66 per cent tin, SO per cent zinc and 6 per cent 
bismuth. 

Duralumin.* — This alloy, which is often called dural 
for short, gets its name from durable plus aluminum. 
It is largely used in the construction of aircraft frames 
for, while it is very light, its hardness and strength is 
almost equal to that of soft steel. Duralumin, which is 
a trade-mark name, is formed of 96.6 per cent alumi- 
num, S per cent copper, 1 per cent manganese and 0.5 
per cent magnesium. 

Duralium.* — This alloy is formed of 9S to 96 per cent 
aluminum, S.6 to 5.5 per cent copper and small amounts 
of magnesium manganese. It resists dilute acids and 
sea water and is used for making chemical apparatus 
such as retorts, etc. 

Magnalium. — This alloy gets its name from mag- 
nesium plus aluminum. E'ow while aluminum is hard 
to work with hand tools or on a lathe, when it is alloyed 
with from S to 6 per cent of magnesium it forms an 
alloy that quite removes this difficulty. 

• Pronounced du-raV-u-min, 

• Pronounced du-raV-e~um* 




196 


THE NEWER ALLOTS 

Fusible or Eutectic Allo3rs.— The term, fusible or 
eutectic alloy means one that has a very low melting 
point. We get the word eutectic from the ancient Greek 
eutektos which means easily melted. Fusible metals or 
alloys are used chiefly for making soft solders, taking 
impressions of coins, medals and the like, fillings for 
teeth, electric fuses, automatic sprinklers and safety 
plugs in boilers. Fusible alloys consist of bismuth and 



^Fire Spcinkler 
Plu^ 



Bismuth PUotf 
fuse 

B'f 5ia7?e/ard fuse 
Link. 


Fig. 36. — Objects Made of Fusible Metal 


Other metals that have low melting points and the 
resulting aUoy, curiously enough, wiU melt at a much 
lower temperature than that at which any of its con- 
stituent metals will melt (See Figure 85.) 

Fusible alloys are made chiefly of three metals and 
these are bismuth, tin and lead; some of them, how- 
ever, have a fourth metal in them and this is cadmium ; 
and one of them a fifth metal which is mercury. By 
varying the proportions of these constituent metals an 
alloy can be formed that will melt at any temperature 
you want it to. The fusible aUoys which follow are, 
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with the exception of the first, named after their in- 
Tentora. 


Fobuitlas bob Fusible Allots 


Alloy 

1 Percentage Composition 

Melting Points 

Bis- 

muth 



Other Metal 

Anatomical 

53.5 

19.0 

17.3 

mercury 

10.5 

140* F.orOO* a 

Wood 

50 

12.5 

25 

cadmium 

12.5 

159.8® F.or71® C. 

Rose 

50 

22.9 

27.1 



200.75®F. or 93.75®C. 

Newton . . . 

20 

30 

50 



202.1® F.or93.75®a 

Lipowitz . . 

50 

13 

27 

cadmium 

10 

140® F. or 60® C. 

Lichtenberg 

50 

20 

30 



196.9® F. or 91.6® C. 


1 W«t«r boU* at 212T , or 100*O. 


Heusler’s or Non-ferro-magnetic Alloys. — In 

190S Heusler made the remarkable discovery that cer- 
tain metals which are only magnetic to an almost 
negligible degree become quite strongly magnetic when 
an alloy is made of them. This apparently shows that 
magnetism depends on the molecular structure of a 
metal rather than on its atomic arrangement. 

The best of these magnetic alloys consists of 25 per 
cent manganese, 61 per cent copper and H per cent 
aluminum. The degree of magnetism shown by this, 
alloy is about % of that of pure soft iron. Magnetic 
alloys can also be formed of manganese and tin and 
these as well as those of copper can also have small 
quantities of antimony, arsenic, tin, bismuth and boron 
in them without affecting their magnetic properties. 

The Cerium or Pyrophoric Alloys. — If you will 
hark back to the chapter on the Bare Earth, Metah,. 
you will remember that ceriuia gi««8 forth sparks wheat 
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it is scratched with steel Now that class of alloys 
which consists of cerium as the chief metal has the 
above fire-generating property and to it has been given 
the name of pyrophoric alloys. 

The word pyrophoric comes from the Greek roots 
pyro which means fire and phoros, to hear, and means 
a substance that will ignite spontaneously when ^osed 
to the air. The cerium alloys do not quite fulfill this 
condition because they have to be struck with a piece 



of steel first, but for the purpose this is considered near 
enougL 

The chief pyrophoric alloy is ferro-cerium and this 
contains about 70 per cent cerium and SO per cent iron. 
Sometimes a little copper is added to harden it and a 
little bismuth is put in to make it more fusible. A 
more highly pyrophoric alloy is made of 75 per cent 
cerium and US per cent platinum. (See Figure 36,') 

Miscellaneous Alloys.-~There are numerous alloys 
that contain a number of different metals, and are used 
for special purposes. Tou will find a few of the out- 
standing ones below. 

The Alhy Constanion.— The name of this alloy is 
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derived frctm the word eonsimt and this in turn from 
the Latin eonstcms. It is used as one of the eluents 
of the thermopile ” and also in some instruments as an 
electric resistance. The alloy constantan consists of 
6J^15 per cent copper, ^8.70 per cent nickel, O.J!i.S6 per 
cent iron, 1.34 per cent cobalt, 0.0337 per cent sulphur, 
0.0011 per cent phosphorus, 0.098 per cent silicon, and 
O.lJf per cent carbon. 

Carboloy or Cobalt-tungsten Alloy . — This is an alloy 
formed of cobalt and tungsten carbide and is the hard- 
est known alloy. It is so hard that it will scratch 
sapphire and it possesses the unique property of get- 
ting harder when it is heated. The exact proportions 
of the metals used have been kept a secret. 

A Lead-magnesium Alloy . — ^When an alloy made of 
95 per cent lead and 5 per cent magnesium is exposed 
to moist air it oxidizes very rapidly, swells up and then 
in a few hours falls to a black powder. This alloy 
decomposes water and liberates the hydrogen of it. It 
is especially active in this respect when the magnesium 
is increased to SO per cent. 

■ This is an apparatus formed of two or more different kinds 
of metals joined together and when the juncture is heated a cur- 
rent is set up. 




CHAPTER Xn 
WHAT THE AMALGAMS ARE 

IWbbotjby is the only metal we have that is normally 
a liquid at ordinary temperatures. Nearly all of the 
other metals will dissolve in it and while such a mixture 
is an alloy it is called an amalgam. We get this name 
from the Latin and Greek words malagma and this is 
derived from the root malakos which means soft. 

Now amalgams are made in any one of a number of 
ways and these are *(i) by bringing the mercury and 
the other metal into contact with each other; {2) by 
placing the mercury and the other metal together in 
dilute acids; {S') by heating the mercury and the other 
metal together; {1^) by putting the mercury into a satu- 
rated solution formed of a salt of the other metal; 
(5) by making a solution formed of a salt of the mer- 
cury and putting the other metal in it, and, finally, 
(d) by electrolysis, that is by using a cathode of 
mercury, then making a solution of a salt of the other 
metal and passing an electric current through it when 
it (the other metal) wUl be deposited on and amal- 
gamated with the mercury.^ 

Amalgams of the Alkali Metals.— The alkali 
metals, i.e., sodium, potassium, lithium, cesium and 


1 This is the process that Madame Curie used to obtain the 
metal radium from its salt, radium chloride. After the radium 
had formed an amalgam with the mercury she expelled the latter 
by distillation. 
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rubidium, easily dissolve in and amalgamate with me> 
cuiy at room temperature, and still more easily when 
the mercury is heated. Sodium reacts with mercury 
so violently that when a piece is dropped into it so 
much heat is develop^ that it often explodes and is 
thrown out of the disL Potassixim also reacts violently 
with mercury but not as much so as does sodium, 
lithium, cesium and rubidium. 

Amalgams of any of the above alkali metals can be 
made by direct contact with mercury, either when the 
latter is cold or heated. To do this you need only to 
rub the two metals together in a dry mortar that has a 
cover on it and then keep the resultant mass under a 
layer of petroleum until you want to use it. Sodium 
amalgam is chiefly used in helping along the making 
of other and more difficult amalgams, a very small 
amount of it aiding greatly to make the amalgamation 
take place more easily and quickly. 

Amalgams of the Rare Earth Metals. — The chief 
metals of this group are calcium, strontium and barium. 
Amalgams of these metals can be made in various ways 
but they are not at all easy to make. One way is to 
make a ^ per cent solution of the chloride of whichever 
one of the above metals you want to use for the amalgam 
and then add a 1 per cent solution of sodium or potas- 
sium to it to help the good work along. 

This done, put it in a test tube or a bottle with 98 
per cent of mercury and stir them together. There 
will be a little gas given off and when this has stopped 
you can remove the amalgam ; then dry it by pressing 
it between filter paper and to keep it put it in % bottle 
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of petroleum. These amalgams can also be made by 
electrolysis. 

A Couple of Hypothetical Amalgams. — Ammo- 

nw/m Amalgam . — The properties of ammonium amal- 
gam were given in the chapter on the Hypothetical 
Metals. Now while ammonium is a gas each of whose 
molecules is formed of 1 atom of nitrogen and U atoms 
of hydrogen {NHt) it is miscible with mercury and it 
is the only known radical that will mix with it.* This 
amalgam is interesting because it tends to show that if 
ammonium could be isolated it would be a metaL 
Chemists of the present time, however, consider it to be 
not a true amalgam but a mixture of mercury and 
ammonium and that the two gases which form it pene- 
trate into the mass of mercury and entangle its mole- 
cules and that it is this which gives it the appearance 
of a frothy amalgam. 

Ammonium amalgam can be made in difFerent ways 
but the one used by Seebeck in 1806 is as simple and 
as good as any of the others. He cut a cavity in a 
piece of ammonium carbonate, filled it with mercury 
and set it on a metal plate which was connected with 
the positive pole of a battery. As the ammonium caiv 
bonate was decomposed the ammonium passed into the 
mercury and caused the latter to swell up into a frothy 
mass which was about as thick as butter, and this he 
considered to be ammonium amalgam. 

Hydrogen Amalgam . — ^In much the same way that 
ammonium amalgam is made so also can hydrc^en 
amalgam be made. Lewis and Jackson, in 1906, de- 
duced the existence of hydrogen amalgam from the 
* Hydrogen alone is miscible with xnercnry. 
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beiiavior of tbe merciuy cathode dTiring the separation 
of hydrogen in electrolysis. 

Amalgams the Common Metals. — Alumimm 
Amcdgcm. — ^It is not at all an easy matter to mahe 
an aluminum amalgam but it can be done by either 
(1) melting the aluminTun and adding it to the mer- 
cury in a gas which will not combine with them, or 
by rubbing the mercury on the aluminum in a 
solution of potassium hydroxide. 

Bismuth Amalgams . — ^Amalgams made of bismuth 
are very plastic but harden gradually. They are, there- 
fore, used for filling out anatomical pieces and delicate 
molds. When bismuth is added to other amalgams it 
makes them more plastic and as other common metals 
are cheaper than bismuth they are often used with a 
small amount of the latter added to them. 

Anatomical Amalgams. — (i) For this amalgam use 
JfB per cent bismuth, S per cent lead, 28 per cent tin 
and 9 per cent mercury. This amalgam melts at 77.5 
degrees centigrade, or 170 degrees Fahrenheit, and be- 
comes a solid mass at 60 degrees centigrade, or lli-O 
degrees Fahrenheit. (2) When an amalgam is made 
of 90 per cent D’Arcets’ alloy ® and 10 per cent mercury 
it melts at 63 degrees centigrade, or 125 degrees Fah- 
renheit, and at a lower temperature it has the con- 
sistency of paste. 

Lipowitif Amalgam. — ^This amalgam is extremely 
wdl suited for taking impressions of leaves and other 
delicate objects as they come out very sharp, have a 
white, silvery appearance and a nice glossy surface. 

• This all(7 oonsista of ffSj per cent biemutli and dd) per cent 
tin. It melte at ffS iegten centigrade, or BOO degrees Fahrenheit. 
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To make it add the mercury, which you have hinted to 
about 100 degrees centigrade, or 212 d^rees Fahrenheit, 
to 2 per cent of Lipowitz’ alloy * which is in the melted 
state. The amalgam must be removed from the fire as 
soon as the mercury is put into the melted alloy and 
stirred with an iron rod until it begins to get solid. It 
melts at about 62 degrees centigrade, or 1^0 degrees 
Fahrenheit. 

Cadmium Amalgams. — ^Amalgams of cadmium are 
easy to make and they remain in a plastic condition 
for quite a long time and can be kneaded like putty. 
While they do not get solid, however, they become very 
hard and can then be filed, turned, or otherwise worked. 
They are silvery-white in color and do not oxidize in 
the air. Here are two formulas for making them: 
(i) 25.99 per cent cadmium and 74.01 per cent mer- 
cury, and ( 2 ) 21.75 per cent cadmium and 78.26 per 
cent mercury. The mercury must be heated to nearly 
its boiling point in a crucible and then put into it the 
cadmium in thin sheets. 

Copper Amalgams. — ^When amalgams made of cop- 
per have stood for some time they become exceedingly 
hard and fine-grained and are malleable and ductile. 
When they are polished they look like gold and do not 
tarnish in air unless there is present hydrogen sulphide 
which turns them blacL If the amalgams are immersed 
in boiling water they become soft and plastic again and 
it is then possible to work or mold them into any shape 
and in due time th^ will once more become very hard. 
These amalgams were in times past largely used in 

* To make Lipowitz’ allc^ melt together IS parts bismuth, 8 
parts lead, 4 parts tin and 8 parts cadmium. 
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making fooPs gold for jewelry but their real value lies 
in the fact that they make an excellent cement for glass, 
porcelain and the metals. 

(i) Vienna metal or imitation gold is the kind of 
copper amalgam that is or was used for making imita- 
tion gold jewelry. It is formed of 86.^ per cent pow- 
dered copper and 1S.6 per cent mercury. It takes a 
fine polish and to keep it from turning black the jewelry 
should be given a thin coat of lacquer, or, better still, 
electroplated with gold. 

(£) Metallic mastic is the kind of copper amalgam 
that is used for cementing glass, porcelain and metals. 
It is made of SO per cent powdered copper and 70 per 
cent mercury. For repairing broken glass and porce- 
lain the edges of these must be heated to about S60 
degrees centigrade, or 660 degrees Fahrenheit, and the 
amalgam must be heated until it flows freely. It is 
then applied to the edges of the pieces to be joined and 
pressed tightly together. To cement metals with it, the 
surfaces must be clean and then heated between 80 and 
90 degrees centigrade, or 176 and 19J^ degrees Fahren- 
heit. This done, apply the melted amalgam to the sur- 
faces and clamp them together until it is hard. 

Gold Amalgams. — Gold dissolves so easily in mer- 
cury that to make an amalgam you need only to drop 
the former into the latter at room temperature. The 
better way, however, is to use powdered gold, melt it 
in a crucible and then stir in the mercury with mi 
iron rod. Gold amalgam was formerly much used faff 
gilding objects but now they are usually coated with 
gold leaf or electroplated with gold. 

(i) To make a gildmg amalgam for coating metal 
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objects with gold use 66% per cent powdered gold or 
gold leaf and SS% per cent mercury. Give the object 
a coating of this and then heat it until the mercury is 
vaporized when the gold will remain in a coherent 
film on the surface. 

(IS) A gold dental amalgam for filling cavities in 
teeth was formerly much used because it hardens 
quickly and as it does so it expands. An amalgam of 
this kind can be made of 50 per cent gold and 50 per 
cent mercury. 

An Iron Amalgam. — ^Iron and mercury are barely 
on speaking terms and it is, therefore, difficult to make 
an amalgam of them, but it doesn’t much matter because 
it would be of but very little use. Amalgamation was 
formerly employed to give iron objects a thin coating 
of mercury before a gold or silver amalgam was applied 
to them. 

To coat or amalgamate an iron object with mercury 
put 1 part of granulated zinc, or zinc shavings will do, 
1%^ parts of hydrochloric acid, 2 parts of iron sulphate 
(green vitriol), 12 parts of water and 12 parts of mer- 
cury in a porcelain vessel and heat to boiling point. 
Now clean the metal object thoroughly, then rinse it in 
clear water and boil it in the above solution for about 
10 minutes. On removing it from the vessel you will 
find it has taken on a coating of mercury and the gold 
or silver amalgam must be applied to it at once. 

A Lead Amalgam.— This amalgam is easily made 
by (1) rubbing lead filings 25 per cent by volume a^ 
mercury 75 per cent by volume in a mortar, or (2) stir- 
ring melted lead with heated mercury. The chief use 
of lead amalgam is soldering lead by the autogenous 
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process, as the uniting of pieces of metal by simply 
mating them together, is called. 

To do this kind of soldering the edges of the lead 
must he well cleaned and the lead amalgam applied to 
them. The edges are now brought together and a red- 
hot soldering iron run along the line of the juncture; 
thus the mercury will be vaporized and the finely 
divided lead of the amalgam will be melted and so make 
a solid joint 

A Magnesium Amalgam. — ^When magnesium is 
pure it will slowly dissolve in mercury at room tem- 
perature and quickly dissolves when the mercury is 
heated to its boiling point. When an amalgam is made 
of 6 per cent magnesium and 95 per cent mercury it 
swells up the instant it comes in contact with the air 
and loses its metallic luster. It decomposes water when 
it is thrown into it and, it follows, liberates the hydrogen 
just as sodium and the other alkali metals do. 

Platinum Amalgams. — ^Amalgams can be made of 
platinum but they have not been used to any extent 
because of its high price. In practically all cases 
where a platinum amalgam could be employed the same 
end is far more cheaply attained by the process of 
electroplating. 

Silver Amalgams. — ^Like gold, silver dissolves easily 
in mercury at room temperature but the action is greatly 
hastened by heating the mercury to its boiling point* 
then putting in some powdered silver and stirring tlam- 
oughly with an iron rod. 

(i) To make a silvering amalgam for coating metal 
objects use 90 per emit pure powdered silver and 10 
per cent mercury. Heat the latter in a crucible until 
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it is at its boiling point, then drop in the silver powder 
and stir thoroughly with an iron rod. 

(^) To make a silver dental amalgam, or suceeedor 
TteuTn as it is called, use 60 per cent ordinary coin silver 
reduced to a powder and 60 per cent mercury. It 
forms a hard amalgam and expands as it hardens. 

Tin Amalgams. — Tin dissolves very easily in mer- 
cury and an amalgam can be made of them by simply 
rubbing them together in a mortar or by putting tin 
foil shavings in either cold or hot mercury. The length 
of time required for the amalgam to harden will depend 
on the proportions of the metals that are used. Tin 
amalgams are used for silvering mirrors, for fiHirig 
teeth and for tinning small metal articles. 

(7) To make a tin amalgam for silvering glass dis- 
solve 76 per cent tin in 26 per cent mercury that has 
been heated to just below its boiling point, and stir 
with an iron rod. Mirrors are now generally made 
with silver amalgam as it gives a brighter surface than 
tin amalgam. 

(2) An amalgam for filling teeth is made by dis- 
solving 20 per cent tin in 80 per cent mercury. The 
excess of mercury must be gotten rid of by rubbing and 
kneading the amalgam. It takes a few days for it to 
harden into a solid mass. 

(5) An amalgam for tinning small articles of iron 
can be made by dissolving 60 per cent tin in 60 per cent 
mercury. The articles to be tinned must be cleaned in 
a dilute solution of hydrochloric acid and then dipped 
into the melted tin amalgam. 

A Zinc Amalgam.-—This amalgam is used for cover- 
ing the cushions of frictional electric machines. It 
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consistB of 50 per cent zinc, 25 per cent tin and 25 
per cent mercury. The zinc and tin should he pow- 
dered and put into mercury that is heated to about the 
boiling point 



CHAPTER Xm 
HOW METALS ABE MINED 

It ie my purpose iu this chapter to tell you about 
mines and mining. First of all, we get the word mine 
from the later Latin stem mina which means a mine ^ 
and this came from the root mina plumba which meant 
a lead mine. Now the word mine as we modems use 
it has three different meanings and these are (I) a 
possessive adjective pronoun; {2) a hole in the ground 
from which ores and other mineral substances are dug, 
and (5) the act of getting the ore, or what have you, 
out of the aforesaid hole. 

It follows, then, that if you find a mine and mine 
some valuable mineral from it it will be mine (meaning 
yours) except for some small part of it that you must 
cough up to the government and such other amoimts of 
it as you will be forced to part company with in divers 
other ways. 

What Mining CcMisists of. — Ordinarily we think of 
mining as the actual process of digging out the ore 
with a pick and shovel or with power tools but, as a 
matter of fact, it includes all the varied branches of the 
art which both precede and follow the actual work of 
getting out the ora Named from the b^inning to the 
end these operations are (i) prospecting, (2) explora- 
tion and {S) development; then comes (.4) the mine 
itself, and (5) the working of it; finally, there follows 

iThe ancient Greek word for mine is metaUon, 
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(6) the STBtem of haulage and (7) the treatment of 
tile ores. 

Prospecting for Gold. — ^In the good old days when 
a man set out to find gold or other metals he was called 
a prospector. In those halcyon days the prospector was 
often grubstaked* that is, some one furnished him with 
the necessary food and supplies so that he could go 
forth in quest of the golden fleece, and in turn the 
party of the second part was promised a share of his 
finds. 

The shining yellow metal was usually the chief goal 
of the prospector — ^nearly all of the other metals having 
been found in the early days more by accident than 
design. If the prospector was seeking for free gold he 
made his way to and through a land where there were 
sand and gravel beds of ancient streams and rivers, or 
alluvial and glacial deposits, and these were and are 
known as placers by the miners in the western part of 
the United States and Canada. When he was seeking 
gold locked up in quartz he traversed a land where there 
was known to be gold-bearing quartz. 

Exploring for Ore. — The prospector, like the cow- 
boy, has all but vanished and the finding of not only 
gold but of all of the other metals is now generally done 
on the basis of big business. Rich individuals and 
corporations employ mining engineers and a field staff 
and these carry with them a complete equipment of 
apparatus and tools for testing and work 

To learn the formation of the ground as accurately 

3 So called becaiue the lender ttaket, that is risks, the grub 
which means the food. 
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as possible any one of several different methods is used. 
The first of these is known as surface excavations, that 
is, trenches are cut across the mineral zone. The sec- 
ond of these is termed underground works, and shafts 
may be sunk and even tunnels may be dug, so that the 
quantity and quality of the mineral can be ascertained. 
The third and chief method is drilling, and when this 
one is employed the ground to be explored is marked off 
into squares of 100 or more feet on the side. At the 
center of each one a drill hole is sunk The material 
that is removed by the drill is called the core and this 
is tested and analyzed to ascertain its metal content. 

There are two kinds of drills used for this purpose 
and these are (1) the chum drill and (S) the core, 
or diamond drill. The chum drill drills a vertical hole 
from 6 to 9 inches in diameter and to quite some depth, 
the mechanical arrangement being, in all essential re- 
spects, the same as that employed for sinking wells. 
The core, or diamond drill drills a hole from Jf to 4 
inches in diameter and this it does at any angle and to 
any reasonable deptL An examination of the core re- 
moved by either of these drills reveals exactly the quality 
and indicates in a measure the quantity of the ore that 
there is in each square. 

The Development of the Mine.— After the ex- 
ploration of a field shows that it contains the desired 
ore and that it can be economically worked, the next step 
is to develop the mine. The development includes 
(i) the construction of the mine proper, (Jl) its drain- 
age and (S) its ventilation. 

The construction of the mine consists of digging the 
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shafts,* entries,* drifts* and slopes* and these mnst 
be lined and braced with timbers. The drainage com- 
prises a STstem of drains that is put in to carry off the 
water that seeps into the mina Where a mine opens 
on the side of a hill the water is easily drained o£F by 
an adit, that is a drift slope tuimel, but where it has 
a more or less vertical shaft powerful pumping plants 
must be installed to pump it out. 

The ventilation of a mine is as necessary a part of 
its development as its drainage system, for the oxygen 
content of the air must be kept up and a constant circu- 
lation of the air must be maintained in order to carry 
o£F the dust and gases. In some mines it is possible 
to use a natural ventilating system and this is formed 
by surface openings at different elevations, but in others 
adits must be used and the circulation kept up by either 
force or suction fans. 

Kinds of Mining and Mines. — ^There are three 
chief methods by which mining is carried on and these 
are known as (1) placer mining, (;?) open cut mining 
and (5) underground mining. By placer mining is 
meant the working of gold-bearing sands and gravels, or 
pay dirt as the miner calls it, that are found on the 
surface of the earth, or very close to it, and the profit 
there is in it, as yon may possibly have heard, is often 
very considerable. 

• An approximately vertical hole of limited area as compared 
with its depth. 

• An entry or adit is a nearly horisontal passage or tunnel 
from the surface to the mine proper. 

• A passage that follows the course of a vein or stratum. 

• An incline shaft, commonly the midn Incline in a mine. 
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Ploc9v kind of mining falls under 

five heads and these are (a) panning, (b) hand sluicing, 
(c) hydraulieking, (d) dredging, and (e) drift mining. 
Panning is the most primitive method of placer mming 
and it consists of washing the sand, gravel, etc., in a 
common pan or skillet, so that the gold, which is the 
heaviest, falls to the bottom while the other material 
is carried away by the water. 





By hand sluicing is meant that the pay dirt is washed 
in a rocker or cradle as shown in Figure Sfl, or in a 
long tom which is a long trough, the water being poured 
on the auriferous earth by hand, or, finally, in a sluice, 
which is a long trough with riffles in it for holding 
the mercury and which catches the gold; through the 


^The word placer comes from the American-Spanish placer 
and this from the Spanish placet ^rdiich means eand hank. 
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trough runs a oontinuous stream of water as shown in 
Figure S8. 

Placer mining on a large scale is done by hydraulick- 
ing and this means that a gold-bearing gravel bank is 
washed down by a powerful jet of water from a nozzle 
called a hydraulic giard. The loosed gold-bearing dirt 
is then carried to the sluice by wheelbarrows, little cars, 
scrapers, a drag-line excavator, or a small steam shoveL 



Fia. 38. — ^PuLOEB Mnnxo fob Goto 


The most economical method of placer mining on a 
large scale is dredging and this is done by a powerful 
dredging machine. As the gold-bearing earth is scooped 
up it is carried to a series of screens where the finer 
part of it, including the gold, passes through, and it is 
then washed in sluice boxes; these latter have riffles 
on their bottoms with mercury traps in them and when 
the gold oomes in contact with the quick ' they form an 
amalgam. By heating this in a retort the mercury 
passes over in a vapor and the gold is left behind. 

a Tbit !■ what the miner calls quiektilvar, which, in tom, is 
the colloquial name tor moreurif. 
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Drift mining, or just drifting as it is called for sliort, 
is a combination of placer mining and underground 
mining. To reach the pay streak, which is somewhere 
between the surface and bedrock, a horizontal drift or 
a shallow vertical shaft is dug. If the surface gravel 
is frozen it must be thawed out before the shaft can be 
dug and this is done by building a fire on the spot 
and then keeping it going until the ground is thawed 
out a foot or so deep when the miner digs it out; then 
he builds another fire on it, and when this has thawed 
out he digs it out again. He repeats this operation 
until he has sunk a shaft deep enough through the 
frozen muck to reach the pay streak. The auriferous 
gravel is then hoisted to the surface and a pile made 
of it until warm weather approaches on horseback when 
it is washed in a sluice box. 

Open Cut Mining. — The term open cui, or open pit, 
mining means the working of ores which lie close to 
or outcrop from the surface of the ground- Where 
the ore is covered with a layer of earth this latter is 
called capping or overburden and this must be re- 
moved to get at the ore. The capping or overburden 
may only be a few feet thick or it may be as much 
as £00 or more feet thick and the cut is sometimes 
three or four miles long. 

After the capping or overburden has been stripped 
by means of either steam or electric* shovels, the iron 
or copper ore is loosened and broken up by blasting 
and it is then loaded by power shovels on to regular 
railway cars that run directly into the cut so that 
the ore does not need to be transferred again. The 
only kind of a body of ore that can be profitably worked 
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by the open cut method is one that is fairly flat and of 
large size. 

The Olory Hole or Milling Method . — This method 
is a combination of the open cut and underground 
methods as you will see from the cross-section picture 
of it which is shown in Figure 39. In this method 



Fig. 39. — Open Cut Mining by the Glory Hole Method 


the ore is mined on the surface in a hole, then dropped 
through a chute by gravity to a working level below, 
where it is loaded into small cars and then hauled 
to the surface through a shaft. The cavity formed 
by the working face is called the glory hole and the 
operation of getting the ore into the chute is called 
milling and there you have the origin of its several 
names. 

Underground Mining. — There are three general 
methods employed for underground mining and these 
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are known as (i ) the stoping method, the top sUc^ 
ing method, and (S) the caving method. 

The Stoping Method . — The word stope comes from 
the Middle English stape and this means step, and, 
it follows, the stoping method is one in which the ore 
is taken out stepwise, the excavation forming a rude 



Fio. 40. — UmnatOBODiro Minuto bt the Otebhkao Stwzno 
Method 

stairway. This kind of mining is generally used where 
the ore vein is very thick and is either vertical or 
greatly inclined. (See Figure JitO.") 

Stoping methods are of three kinds and these are 
(a) breast 'stoping, (h) underhand stoping and 
(e) overhand stoping. Breast stoping is used where 
liie ore deposits are in the form of beds, or are flat 
dipping. The chief method of breast stoping is known 
as ^e room and pillar method. In this method the ore 
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is excavated in rooms and these are separated by pillars 
as shown in Figure 

In underhand stoping the stairway is like an ordi- 
nary one and is therefore worked from the top down. 




Fio. 41. — ^Uin>EBQBOuin» Mnnifo bt the Koom and Pillab 
Method 

The ore that is mined between any two adjacent levels 
is dnmped to the lowest, or horizon level as it is called, 
and from there it is hauled to the shaft where it is taken 
to the surface. 

The Top Slicing Method . — This method is largely 
used for mining wide veins and large masses of iron, 
copper, lead and zinc ores. It consists of working the 
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ore from the top downward, the ore body being re- 
moved in successive horizontal slices which are 10 or 
feet thick. The first slice that is taken out is the 
one on which the capping or overburden rests and as 
the ore is removed the latter is held up and in place 
by posts. 

The floor of the next slice is covered with lagging, 
that is, a mat made of timbers, and this is done to 
prevent the capping or overburden from mixing with 
the ore when it caves in on it The posts are then shot 
out by small charges of an explosive when the capping 
or overburden caves in and falls on the mat This 
operation is repeated, one slice being taken out after 
another, until the bottom of the vein is reached. 

The Caving Method . — Where the ore to be mined 
is fairly hard and has a capping or overburden that 
will cave in the caving method is used. This consists 
of the closing or caving-in of the worked out levels 
of the mine, and forcing the ore under it to falL To 
do this a great block of the ore has its supports re- 
moved from it by blasting when it falls with enough 
force to be broken into pieces that are sufficiently small 
to be easily handled. The caving method does away 
with much of the labor and at the same time a great 
deal of the blasting explosive is saved. 

Kinds of Mine Equipment. — ^Various kinds of 
equipment are needed for the operation of the mine 
underground and this includes (1) pumps for drain- 
age; (2) pumps for ventilation; (3) instruments for 
testing ventilation; (4) portable mine lamps; (6) elec- 
tric service equipment; (6) drills, blasting apparatus 
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and explosives for rock excavations; and (7) mine 
rescue apparatus. 

Mine Drainage. — ^Water finds its way into mines 
through various channels, and it is drained off by dif- 
ferent methoda Among the drainage schemes are those 
of (1) granting, that is thin mortar for filling in crev- 
ices and holes; (2) underground dams; (3) drainage 
tunnels; (4) siphons; (5) hoists; and (6) pumps. 

The pumps used for drainage are of two types, (1) 
plunger pumps and (2) centrifugal pumps which are 
operated by steam, compressed air or electricity. Since 
nearly every mine at the present time is electrified, 
steam and compressed air pumps are not Tised to any 
great extent, and, it follows, that they are electrically 
driven. Station pumps, that is those which are sta- 
tionary, are of the plunger type, while gathering pumps, 
that is those which are portable, are of the centrifugal 

type- 

Mine Ventilation. — ^Mine air contains more mois- 
ture and several impurities which are not found in 
normal air. Among these are smoke and gas from 
blasting; the two chief kinds of the latter are carbon 
monoxide (CO), a very poisonous gas,® and carbon 
dioxide (CO 2 ), a non-poisonous but irrespirable gas 
that is given off by man, animals and fiames. Lesser 
sources of pollution are the excretions of man and ani- 
tnals, rotting timber and smouldering fires. What is 
called fire damp is chiefly methane {CHt), and when 
this is mixed with air an explosive gas is formed. 

• This is because it combines with the hamoglobin of the blood 
and expels the oxygen from it. 

10 This is formed when firedamp explodes and, hence, it con- 
stitutes part of what is called the afterdamp. 
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Instruments for Testing the Air. — ^There are several 
means employed for testing the condition of the air in 
mines, and these have to do with (1) its current ve- 
locity; (2) its pressure, and (8) its purity. The cuiv 
rent velocity is measured by means of (a) a pitot 
tube; (b) an anemometers^ or wind gage; (c) roughly, 
by observing the speed at which a lamp must be moved 
to keep the flame straight up, and (d) by observing the 
rate at which smoke is carried along. 

For determining the pressure of the air a manometer 
or wind gage is used. To measure the amount of mois- 
ture there is in the air a barometer or a hygrometer is 
employed ; of the former there are two kinds and these 
are (a) the mercurial barometer and (b) the aneroid 
barometer; there are also two kinds of the latter, (a) 
the dry hygrometer and (b) the wet hygrometer. 

Methods of Ventilation. — ^Ventilation by the natural 
circulation of the air is employed in practically all 
metal mines but where a forced circulation is needed 
blowers are used, which are either of the propeller or 
centrifugal type. Where a temporary forced circulation 
is required as, for example, if there should be a break- 
down of the regulation service, steam jets or compressed 
air jets, or the trompe, which is a hydraulic box ventila- 
tor that sets up an air current by falling water, are 
used. Where blowers are employed, these are either of 
the centrifugal or the impulse type. 

Portable Mine Lamps. — The mine lamp is, of course, 
used for lighting up the area in which the miner is work- 

11 Pronounced pe-io. It was invented by Henri Pitot, of France, 
about 1750. 

IS From the Greek word anemoB which means ioi/nd and metron 
ineaning to measure. 
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ing and it may be either (1) of the oil burning kind, or 
(2) a portable electric one. If it is the former then it 
must be so made that it will not ignite the fire damp. 
This kind of a lamp is also used as a ready means for 
testing the presence of fire damp. 

There are numerous types of safety lamps but the 
original one was invented by Sir Humphry Davy. The 
flame is enclosed in a fine wire gauze cage which, owing 
to its rapid cooling effect, prevents the flame from pass- 
ing through it If there is fire damp in the air, it passes 
through the gauze to the inside and there bums with a 
bluish cap over the flame. When this takes place the 
miner knows that the condition of the air is such that 
it is likely to explode. 

Electric Service Equipment . — ^This consists of the 
underground transmission lines for carrying the current 
for (1) lighting and power purposes, and (2) for the 
tel^hone and signal systems. 

Each Excavation Methods . — For rock excavations, 
that is loosening and breaking up the rock ore in mines, 
drills and explosives are used. Various kinds of drills 
are used which are operated by (1) hand, and (2) 
power, Le., compressed air or electricity. Holes are 
drilled in the rock, then an explosive is put into it, and 
this is fired by an electric spark. 

There are three general kinds of explosives that are 
used in mining operations, and these are (1) black 
blasting powder, (2) gelatine dynamite and (3) gela- 
tine nitroglycerine. The powder is a low explosive, and 
the dynamite and especially the nitroglycerine are high 
explosives. The kind of explosive that is used depends 
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on several factors, the chief one of which is the co- 
hesive strength of the rocL 
Now there are three ways to fire explosives and these 



Fio. 42. — ^Ait Inokbsoll-Raitd MonimD Dbifteb Dbill, OpmAT- 
ino OR AR Obs B<»t 


are with (1) a miner’s squib, (2) a safety fuse, and 
(3) an electric blasting cap. The blasting machine is a 
little electric generator, with a pinion on the armature 
which meshes with a rack, so that when you push down 
on the handle attached to the latter the armature is 
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made to revolve and this sets up the current The ma- 
chine is pictured at A and B in Figure JfS. 

The connecting wires are made of stranded copper 
to make them flexible, and they are covered to insulate 
them. These wires lead from the machine to the elec- 
tric blasting cap, and this is formed of a paper or cop- 
per shell which is closed at one end and then filled with 



powder. The ends of the connecting wires are bridged 
across with a very fine wire and this sets into the charge 
of powder when the shell is sealed. 

The explosive is put into the hole that has been drilled 
in the rock and into this is set the blasting cap. Now 
when the handle of the blasting machine is pushed down 
it generates a current and this heats the fine wire which, 
in turn, fires the powder. When the powder explodes 
the detonation sets off the explosive that is tamped in 
the hole The way the electric machine and blasting 
cap are connected up is pictured at C. 
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Mine Rescue Equipment . — The equipment used for 
mine rescue work includes a varied assortment of de- 
vices and chief among these are (1) a portable oxygen 
breathing apparatus: (2) resuscitation apparatus for 
reviving men who have been overcome by smoke or gas; 
(3) portable telephone, signal appliances, guide ropes 
and other means of communication; (4) lighting ap- 
paratus such as safety lamps and portable electric 
lamps ; (5) testing devices, such as gas indicators, birds 
and other small animals, etc.; (6) first-aid-to-the-in- 
jured appliances which include stretchers, medical sup- 
plies, etc. ; (7) bratticing material for constructing tem- 
porary walls in a shaft or gallery; (8) fire fighting 
apparatus, which includes portable extinguishers, smoke 
helmets, pneumatic stoppings, hose, buckets, etc. 

Mine Transportation Systems. — ^There are two 
general mine transportation systems and these are 
(i) mine haulage systems and mine hoisting sys- 
tems. By mine haulage systems are meant the more 
or less horizontal carriers of ore and these are divided 
into (a) underground haulage systems and (6) surface 
haulage systems. Underground haulage systems con- 
sist of means for transporting the ore from the face 
of the mine through a tunnel or adit to the surface, or 
of transporting it from the face to the shaft where it is 
hoisted to the surface. 

Man and horsepower were used for underground 
haulage until about 1850 when the steam locomotive 
was tried out; then in 1885 the compressed air loco- 
motive was employed; in 1888 the electric locomotive 
that had an overhead trolley was introduced; in 1890 
the storage battery locomotive was first used (see Fig- 
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wre Ji4'), and recently the gasoline locomotiye was placed 
in operation, where the ventilation is good enough to 
carry the waste gases away. All of these types of loco- 
motives except the steam locomotive are now in general 
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use for underground haulage in mines throughout the 
world. 

Surface Haulage Systems . — Systems for surface 
haulage are of practically the same type as those above 
described for underground haulage. The steam, com- 
pressed air, electric and gasoline locomotives are all in 
general use, while the motor truck, which is the latest 
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coiner, has found favor at various mines in the more 
remote districts. 

Other Haulage Systems . — ^Besides the various kinds 
of locomotives cited above there are other systems used 
for ore haulage and chief among these are (i) the 
wire rope system which is useful in inaccessible moun- 
tain regions; {2) grouoity planes where the haulage 
is up an incline, and (d) the "belt conveyor, where the 
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incline is not more than 15 degrees. All of these 
systems are driven either by steam engines or electric 
motors. 

About Hoisting Systems . — ^By mine hoisting systems 
are meant the more or less vertical carriers of ore and 
these consist of winding plants that reach from the 
lower levels of the mine up through the shaft to 
the surface. In the b^inning of hoisting systems the 
hand windlass was used and this was called an arm- 
strong hoist for the very appropriate reason that the 
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‘power was developed by the stroiig arm of the miner 
who worked it 

After the hand windlass came the invention of the 
horsewhim, a crude mechanical contrivance that con- 
sisted of a long pole, or sweep as it is called, that 
was geared to a drum and upon which the hoisting 
rope was wound; to this sweep a horse was hitched 
and so as it traveled round a circle the drum wound up 
the rope, as shown in Figure Jf5. 

With the advent of the steam engine the hoist was 
henceforth worked by it and from this small beginning 
the winding plant has been improved upon until at 
the present time some of the drums have a diameter 
of SO feet and they can wind up a cable that is a mile 
or more in length. These great winding plants are 
used in various mines in Michigan and in the Transvaal 
in South Africa where the shafts are from 2000 to 
more than 5000 feet deep. At the present time both 
steam and electric power are used for driving than. 
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EXTRACTING THE METALS FROM 
THEIR ORES 

Afteb the ore is mined it must be treated by various 
chemical and mechanical processes in order to extract 
the metal from the other constituents. The art of ex- 
tracting the metals from their ores is called metallurgy 
and this word we get from the Greek roots metallon 
which means mine and ergon meaning work. Now in 
metallurgy the word extraction means, of course, the 
separation of a metal from its ore or the ore of some 
other metal, and the word reduction is generally used 
to mean the breaking down of an oxide into its con- 
stituent elements, i,e,, the metal it is formed of and 
the oxygen it is combined with. 

There are several processes by which the various 
metals are extracted from their ores and the one that is 
employed depends, naturally, on the kind of metal and 
the other element or elements it is combined with which 
forms the ore. Thus (f) copper, mercury, bismuth, 
antimony, arsenic, silver, gold and the platinum family 
are found in their free states but they are also often 
locked up in rocks. When this is the case the latter must 
be crushed before the metal can be extracted from them. 

(£) Iron, copper, tin, zinc, aluminum and manga- 
nese are usually found combined with oxygen, thus 
forming the oxides of these metals and they must be 

subjected to a sufficiently high temperature to decom- 
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pose them and set the metals free. (3) Iron, copper, 
lead, ainc, nickel, cobalt and antimony are often found 
in the form of sulphides and these must likewise be 
heated enough to vaporize the sulphur and so leave the 
metals free. 



(. 4 ) Iron, copper, lead and zinc are also found in 
large quantities and barium, calcium, magnesium, 
manganese and some othor metals are found in smaller 
quantities in the carbonates and these have to he heated 
in a blast furnace or in an electric furnace to separate 
the metals from the carbon. (5) Finally, when metals 
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cannot be separated from tbe other elements of their 
ores by using the foregoing methods they can often 
be had without difficulty by electrolysis, that is, pass- 
ing an electric current through the melted chloride or 
other compound of them. 

Extraction of the Common Metals. — The Extrac- 
tion of Iron. — Some of the ores of iron are formed of 
oxides, some of sulphides, and some of carbonates. To 
get rid of the two latter nonmetals the ore is roasted, 
that is, heated to a temperature just below its melting 
point, and this expels them. The next step is to re- 
duce the oxide of the iron and this is done in a blast 
furnace, a cross-section of which is shown in Figure 
U6. 

It consists of an iron shell 18 to 22 feet in diameter 
and 80 to 100 feet high and this is lined with fire brick. 
Near the bottom of tbe furnace is an outlet to tap off 
the melted iron. A little higher up is another outlet 
to tap off the slag, and stiU higher up is a nozzle called 
a tuyere ^ which carries a blast of preheated compressed 
air to urge on the fire inside. 

In this furnace are placed the alternate layers of 
coke and iron ore. If the ore contains carbonates, 
that is, lime or magnesia, a flux such as clay or silica, 
which latter is sand, is added to it, and, oppositely, 
if it contains clay or silica, lime or magnesia is mixed 
with it Now when these substances are separated 
from the iron they form what is called slag and this 
combines with other elements there may be in the ore 
such as phosphorus, etc. 

1 Pronounced twS-ydr'. It is a French word but of Teutonic 
origin. 
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As the ore is heated hj the burning coke enough 
to melt the iron, it and the other elements fall to the 
bottom of the furnace and as the iron and slag will not 
mix they can be drawn o£F s^arately from the outlets 
which are provided for this purposa To shut off the 
flow of the melted metal the openings are closed with 
dabs of wet clay and these are instantly baked into a 
hard mass. 

The Extraction of Copper. — (1) Where copper in its 
free state is found it is usually mixed with rock and 
to obtain the metal the ore must be ground and then 
washed. The almost pure copper powder that results 
is mixed with a flux and this reacts with the other 
rock substances, or gangue (pronounced gang ') ; this 
latter material, which cannot be melted at ordinary tem- 
peratures, is formed into compounds that can be melted 
at the temperature of melting copper. {2) When 
copper ores contain oxygen and carbon they are heated 
in a blast furnace and this removes the nonmetallic 
elements. 

(5) To extract copper from a sulphide ore is a 
somewhat difficult matter for it usually contains con- 
siderable quantities of iron sulphide and this has to be 
separated out first by roasting and smelting in a blast 
furnace, as I have previously described for iron ores 
in general. The first step is to expel the sulphur and 
this is done by roasting the ore when only copper 
oxide and iron oxide, or matte as it is called, remains. 

Next, these oxides are melted in a cupola or fur- 
nace, and then they are run into a large iron vessel, 
the lining of which contains silica. A blast of air 
that carries sand with it is then blown through the 
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liquid matte. This makes the iron combine with the 
silica and oxygen and the remaining sulphur passes 
o£F as a vapor. The iron silicate being lighter than 
the copper, it floats on top of it, when the latter metal 
can be drawn off. It is then cast into plates and re- 
fined by electrolysis. 



(^) A method that is largely used for extracting 
copper from low grade ores * is known as the oil floior 
tion or froth flotation method. In this method the pul- 
verized ore is mixed with a little oil and then agitated 
with water. The oil clings to the particles of copper 
but not to the rock, with the result that the former 
rises to the surface as a froth or scum while the latter 
BiTikn to the bottom, when it is then easy to obtain the 
metal. 

The Extraction of Tin . — ^To obtain tin from its ore 
the latter is pulverized and then washed to remove 

■ Some ores contain only 2 per cent copper and 98 per cent 
rock. 
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the slate and granite from it. The gangue is roasted 
to get rid of the sulphur, arsenic and antimony, and 
this also converts any iron there may be in it into iron 
oxide. It is further treated with hydrochloric acid 
which changes any of the other metals there may be 
in it into their chlorides and these are washed away 
with water. Finally, only the tin oxide remains and 
this is heated in a furnace with coal which reduces 
it to its metallic state 

The Extraction of Lead . — As galena, which is the 
chief lead ore, usually has silver, copper, iron, zinc, 
and antimony mixed with it, the first thing that is 
done is to treat it to get rid of them. To do this the 
ore is heated in a stream of air which changes the lead 
into lead oxide This latter compound is then reduced 
in a blast furnace with coal when the pure lead can be 
drawn off. 

The Extraction of Zinc . — To extract zinc from its 
ores the latter are first concentrated by the oil or froth 
flotation process which has already been described in 
connection with the extraction of copper from low grade 
ores. The ores are then converted into zinc oxide; if 
the ore is a zinc carbonate one, this is done by burning 
it, and if it is a zinc sulphide it is roasted. (See 
Figure Jt8.) 

The zinc, which contains small amounts of iron, lead, 
cadmium, arsenic and gallium, is obtained after the 
burning or roasting process by mixing it with powdered 
coal in a fire clay retort which is heated by gas. The 
resulting mixture is then distilled and as the reduction 
of the oxide takes place at a temperature above the 
boiling point of the metal, i.e., ISOO to UDO degrees 
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centigrade, or 2S10 to 2550 degrees Fahrenheit the zinc 
is vaporized and it passes from the retort into an eartiien- 
ware condenser where it is condensed first in the form 
of zinc dust, which consists of a mixture of zinc and 
zinc oxide, and then the zinc is melted. 

TAe Extraction of Nickel . — The chief ore of nickd is 
pendalUe and this contains not only nickel and copper 
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in equal amounts but also small quantities of iron and 
sulphur. To extract the two first named metals, the 
ore is roasted, then smelted and the reduction carried 
out in a Bessemer converter, which consists of an egg- 
shaped retort as shown in Figure h9. A blast of air 
is forced through, the ore and the oxygen of the air 
combine with the foreign substances and leave a nearly 
pure alloy of copper and nickel. The resulting metal 
is a natural alloy of equal parts of nickel and copper 
which is called monel metal.* The nickel is then sepa- 


* See Ghapter X. 
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rated from the copper by either the Monde process or the 
electrolytie process. 

In the Monde process the nickel of the alloy is con- 
verted into nickel carbonyl, which is a compound of 1 
part of nickel and ^ parts of a compound formed of 
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oxygen and carbon, by heating it to about 50 d^ees 
centigrade, or 120 degrees Fahrenheit, in a stream of 
carbon monoxide The nickel carbonyl is a gas and this 
is then passed through a cylinder which is heated to 200 
degrees centigrade, or S90 Fahrenheit, when it is de- 
composed and the nickel is deposited in its pure state. 

The Extraction of Mercury , — This metal is easily 
obtained from the ore cinnabar, which is a natural mer- 
curic sulphide. This is done by (1) roasting it when the 
sulphur passes off as sulphur dioxide, or (2) by mixing 
the ore with lime, which is calcium oxide, and heating 
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it in a distillation, retort. When this latter method is 
used the calcium oxide combines with the sulphur, thus 
setting the mercury free, and this passes over as a vapor 
when it cools off and condenses into its liquid form. 

(5) A third way to extract it is by the Thornhill 
process wherein the natural mercuric sulphide is dis- 
solved in a solution of per cent sodium sulphide and 
1 per cent of caustic soda. Aluminum turnings are 
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thrown into this solution and the mercury is precipi- 
tated by them. 

The Extraction of Aluminum . — The metal is ex- 
tracted at the present time in large quantities by the 
electrolysis of aluminum oxide (4^202), or alumina as 
it is called. This is dissolved in a batch of melted 
cryolite, {Na^AlF%\^ a mineral formed of sodium 
fluoride and aluminum. This process was invented by 
C. M. Hall, and the operation takes place in cells that are 
5 by 5 feet on the sides, or larger ; these are lined with 


4 The melting point of this is 1000 degrees centigrade. 
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carbon and form the cathodes, or n^ative electrodes. 

The amdes, or positive electrodes are formed of car- 
bon rods, and these combine with the oxygmi as it is set 
free. The melted alnminnm * sinks to the bottom of 
the cells and is drawn off from time to time while fresh 
alumina is added to the melted mass as it is needed. 
A current of 6 amperes per square centimeter* of 
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cathode surface and an electromotive force of 5 or 6 
volts keeps up the temperature of the melted materials 
and brings about their decomposition. 

The Extraction of Cohalt . — The ores containing 
cobalt also have nickel in them but the former can be 
separated from the latter metal either by the reduction 
of the oadde 1^ hydrogen or by the thermit process, or 


*The melting point of this is 659 degrees centigrade. 
*A centimeter is about % of an inch. 
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Goldschmidt process, aa it is often called from its in- 
ventor. This consists of mixing the cobalt oxide with 
powdered aluminum and when the last named metal is 
ignited it combines violently with the oxygm of the 
oxide, a high temperature is produced and this melts 
the metal and sets it free. Figure 51 shows the ther- 
mite process. 

The Extraction of Antimony. — The chief supply of 
antimony comes from the ore stibnite which consists 
largely of the black trisulphide of that metal It is 
extracted by roasting the ore in air which drives out the 
sulphur and leaves antimony oxide. This is then mixed 
with carbon and heated to a high temperature and the 
pure metal results. 

The Extraction of Bismuth. — The chief sources of 
bismuth are the ores bismuth ochre, which is the tri- 
oxide of the metal, and bismuth glance, which is a 
trisulphide. These ores also contain silver, nickel, co- 
balt and arsenic. Bismuth is extracted from these ores 
by roasting them in air so that the sulphur and arsenic 
are driven off and the metal becomes an oxide. The 
bismuth oxide is heated with carbon in the form of coal, 
together with iron and a flux ; then the metal, more or 
less pure, is separated and drawn off in the melted state. 

Extraction of the Noble Metals. — The Extraction 
of Gold. — Gold is found free in either alluvial sand with 
which it is mixed, or in quartz rock which is veined 
with it. In the former case the metal is separated from 
the sand by what is called placer mining, that is by the 
simple method of washing in a pan, cradle or in a sluice 
box, or by dredging, hydraulicking or other means, as 
explained in the preceding chapter. 



240 


THE METALS 


Where the gold occurs in quartz rock the latter is 
pulverized in a stamp mill, that is, a machine in which 
the ore is crushed in mortars with heavy pestles. The 
pulverized quartz is then carried by a stream of water 
over a series of copper plates which are coated with 
mercury and this dissolves out a little more than half 
of the gold that was in the rock. The gold amalgam 
is then distilled — ^the mercury passes over as a vapor 
and the pure gold is left behind. 

The lighter or refuse ore, as it is called, which con- 
tains the finer particles, or tailings, collects at the lower 
end of the washing apparatus and this is made to react 
with a dilute solution of sodium cyanide which is then 
exposed to the air. In this way the gold is oxidized by 
the air and at the same time it reacts with the cyanide 
and the products thus formed are sodium aurocyanide ^ 
and hydrogen peroxide. 

The gold is separated out of the cyanide solution 
either by electrolysis, which process has already been 
explained, or by cupellation, which means that it is put 
in a small porous cup, called a cupel, and this is heated 
to a high temperature. In this way the lead, tin, copper 
and other metals that may be alloyed with it are oxi- 
dized and the pure gold is left behind. 

The Extraction of Silver . — Silver occurs free in 
various ores but is often alloyed with gold and copper. 
It is also found alloyed witii gold in ores and when 
this is the case the latter are crushed in a stamp mill; 
the metal or metals are then dissolved out with mercury 
and the amalgam thus formed is distilled, when the 
mercury passes over. 


TAnroqraaide meaiu gold t^anide. 
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Another method for the estraction of silver is to treat 
the pulverized ore with a dilute solution of sodium 
cyanide which reacts with the silver and converts it 
into silver cyanide but which has no effect on the gold. 
The silver cyanide dissolves in the excess of the sodium 
cyanide and forms a sodium silver salt which is com- 
bined with the radical made up of carbon and nitrogen. 
To precipitate the silver from the solution made with 
silver salt zinc is added to it. With some silver ores 
both of the above processes are carried on at the same 
time. 

There are various processes used for the extraction of 
silver from ores which also contain lead, hut the one 
known as Parke’s process is chiefly in favor at the pres- 
ent time. It consists of smelting the silver and lead ore 
and mixing the melted metals with a little zinc. Now 
lead and ziuc have very little afBnity for each other and, 
it follows, they dissolve in each other to only the slight- 
est extent. The zinc comes to the top and brings with 
it the silver and these two metals become solid while the 
lead is still in a melted condition. 

The zinc silver alloy is removed and then heated in a 
furnace to a temperature just high enough so that any 
lead which may still cling to it will drain off. The 
final step is to distill off the zinc in a fire clay retort 
and then get rid of the remaining traces of lead by 
cupellation. Should there happen to be any gold 
alloyed with the silver it is separated from it by elec- 
trolysis, the bath being formed of a silver nitrate solu- 
tion and the anode of the gold-silver alloy. 

Extracting the Platinum Metals . — The Extraction 
of Platinum. — (f) To separate platinum from its aaso- 
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dated metals, the other members of the platinum 
family, it is dissolved in aqua regia under pressure and 
the solution is then evaporated until it is dry and the 
residue, which contains platinum chloride, is heated to 
125 degrees centigrade or 250 degrees Fahrenheit A 
solution is formed of this product and ammonium 
chloride is added to it which precipitates a double 
chloride of the platinum. This salt is then heated to a 
high temperature and the residue that is left is plati- 
num. {2) Moissan has obtained pure platinum by dis- 
tilling its alloy in the electric furnace, and also, (5) by 
heating platinum fluoride to a red heat. 

The Extraction of the Uncommon Metals . — The 
Extraction of Arsenic . — ^Arsenic is obtained by roast- 
ing arsenical pyrites and then putting these into a 
distillation retort. On heating the latter the arsenic is 
set free and vaporized; it is then condensed into the 
solid form of the metal while the ferrous sulphide is 
left behind. 

The Extraction of Beryllium . — ^This rare metal is ob- 
tained by the electrolysis of the double fluoride of 
beryllium and potassium. 

The Extraction of Cadmium . — ^This metal is found 
in zinc ores and is obtained as a by-product in the dis- 
tillation of zinc. 

The Extraction of Chromium . — ^The thermit process 
is used to obtain this metal, that is to say, chromium 
oxide is mixed with powdered aluminum and the latter 
is ignited. The intense heat produced makes the oxygen 
of the former combine with the aluminmn so that 
aluminum oxide is formed and the chromium is melted 
and set free. 
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The Extraction of Columhium. — ^The first to extract 
the metal columhium was H. E. Roscoe. He obtained 
it by passing a mixture of the vapor of columhium 
peat-chloride and hydrogen through a red-hot glass tube 
and then strongly igniting the crust in a current of 
hydrogen in a porcelain tube until the hydrogen chlo- 
ride was no longer produced, when the metal appeared 
as a bright, steel-gray, shining crust. 

The Extraction of Oermanium. — This rare metal is 
extracted from the minerals argyrodite and euxenite, 
from crude zinc oxide and other sources by distilling 
germanium tetrachloride, when the metal is set free. 

The Extraction of Manganese. — There are several 
ways by which manganese can be had from its ores and 
chief among these are (J) by the reduction of its oxide 
with carbon in the electric furnace; (£) by the thermit 
process, that is, mixing its oxide with powdered alumi- 
num and firing the latter, and (3) by melting man- 
ganese chloride and mixing it with magnesium when the 
manganese separates out in a very pure state. 

The Extraction of Molybdenum. — This metal can be 
obtained by roasting the ore, which is formed of molyb- 
denum sulphide, in a current of air; then the sulphur 
passes off as a vapor and molybdenum oxide is formed. 
This latter compound is then mixed with oil and char- 
coal which is heated to a high temperature and the 
molybdenum is reduced to the metallic state. 

The Extraction of Selenium. — There are two ways in 
which selenium is obtained: (J) by the elctrolytic re- 
fining of copper &om the mud that settles in the vats 
and (£) from the deposits that are thrown down in the 
chambers in the manufacture of sulphuric acid. 



244 


THE HETALS 


The EauiracHon of Tantalum . — This metal is pro- 
duced by heating the double fluoride of tantalum and 
potassium in an electric furnace. 

The Extraction of Tellurium . — Tellurium can be ob- 
tained by either (J) the reduction of tellurium dioxide, 
or (£) by melting bismuth telluride with sodium car- 
bonate and carbon and then treating the resulting com- 
pound with water. The solution thus made contains 
sodium telluride and when this is exposed to the air the 
metallic tellurium is precipitated in the form of a gray 
powder. It may be purified by distillation in a current 
of hydrogen gas. 

The Extraction of Thallium . — This metal is also 
extracted in three different ways and these are (i) by 
treating thallium iodide with metallic sodium; (2) 
from thallium sulphide by immersing strips of zinc in a 
solution made of the latter compound, so that thallium 
will be deposited upon the zinc in the form of a spongy 
mass, and (3) from the dust that is produced when iron 
and copper pyrites are roasted in the process of making 
sulphuric acid. 

The Extraction of Titanium . — This metal is obtained 
by heating titanous chloride with metallic sodium. 

The Extraction of Tungsten.— This metal is obtained 
by either (i) reducing tungstic oxide with hydrogen 
gas in quartz or iron tubes at a high temperature, or 
(2) 1^ the alumino-thermic reduction of the above 
named oxide. 

The Extraction of Vanadium . — To obtain vanadium 
its oxide is reduced with carbon or aluminum powder in 
the electric furnace. 
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The Extraction of Zirconium . — This metal is had 
from either zircomum chloride or potassimn-zirooninm 
fluoride by the reaction of metallic sodinm with thwm. 

Extraction of the Alkali Metals.— This family of 
metals, which includes sodium, potassium, lithium, 
cesium and rubidium, was first isolated from its com- 
pounds by passing a current of electricity through 
but since then they have been obtained by other re- 
actions. 

The Extraction of Sodium. — (1) Davy obtained 
metallic sodium for the first time in 1807, and this he 
did by electrolyzing moist sodium hydroxide, or caustic 
soda as it is called. {2) Then Gay-Lussac and Thenard 
extracted it from caustic potash by decomposing it with 
a red-hot iron, and (5) Brunner obtained it by firing 
sodium carbonate with carbon in the form of charcoal. 
(4) It is now produced commercially by the Castner 
method of electrolysis.® 

The Extraction of Potassium. — (1) This metal was 
also first obtained by Davy and this he did by the elec- 
trolysis of moist potassium hydroxide, that is, caustic 
potash. (2) Potassium was formerly made for com- 
mercial purposes by heating a mixture of caustic potash 
and carbon ; then the free metal was distilled over and 
collected in petroleum. (5) The electrolytic process has 
now come back into use, the electrolyte being formed of 
melted potassium chloride. 

The Extraction of Lithium . — ^Davy isolated a minute 
amount of this metal by the dectrolysis of lithium 

• This method will be found explained in detail in any oolkgft 
cbemietry. 
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cliloride and thia is the method of obtaining it at the 
present time. 

The Extraction of Cesium and Buhidium. — These 
two metals may be obtained by any one of the following 
methods, namely (f) by heating their hydroxides with 
magnesium powder, (;S) by heating their carbonates 
with carbon, and (5) by the electrolysis of their 
chlorides. 

Extraction of the Alkaline Earth Metals. — ^While 
the metals of the foregoing alkali family can be ob- 
tained in their free states by heating their carbonates 
with carbon, the alkali earth metals cannot be isolated 
by this method. This is largely due to the fact that 
their oxides caimot be melted and this prevents them 
from making perfect contact with the carbon. The way 
that is commercially employed to isolate these metals is 
by passing a current through their melted chlorides. 

The Extraction of Calcium. — In extracting this 
metal from its melted chloride a little calcium fluoride 
is added to the latter to lower the melting point of it. 

The Extraction of Magnesium. — ^Magnesium is ob- 
tained by the electrolysis of melted camallite, a mineral 
formed of hydrous chloride of magnesium and potas- 
sium. 

The Extraction of Strontium and Barium. — These 
two metals closely resemble each other and they are 
obtained in the same way, namely, by the electrolysis 
of their melted chlorides. 

Separation of the Rare Earth Salts. — ^As you have 
seen from the Tables of Bare Earth Metals that are 
given in Chapter Til, there are two chief families 
or groups of them and these are (i) the cerium family 
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and (£) the yttrium family. Now the reason that the 
rare earths are divided into two families is, as the 
tables also show, because all of the natural oxides of 
them are mixed together with those of either cerium 
or yttrium. 

To separate these oxides from the foreign substances 
with which they are mixed in the minerals is a com- 
paratively easy matter for the chemist, but to separate 
the individual rare earth oxides from each other is a 
long drawn out and tedious series of operations. Hav- 
ing separated the oxides which are converted into other 
salts, such as the sulphates and chlorides, by the acids 
that are used as solvents for them, the next thing to 
do, and this is often quite as difficult, is to extract the 
individual metals from them. 

Now it is not my intention to go into all of the 
minute details of how these rare earth salts are sepa- 
rated from their parent oxides, i.e., ceria and yttria^ 
or how the rare earth metals are extracted from their 
respective salts, as it would take a book the size of 
this one to tell the complete story; but what I shall 
try to do, however, is to give you a general picture of 
the chief processes that are used and the numerous 
operations that are necessary by which chemists ac- 
complish these two results, together with the methods 
they employ for testing the final purity of the products. 

Opening the Mineral . — The first thing that the 
chemist does when he wants to obtain a salt of a given 
rare earth metal is to open the mineral which contains 
the oxide of the metal he wants. To do this he crushes 
the mineral and then pulverizes it; then he makes a 
solution of it by treating it with either hot sulphuric 
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acid or hot hydrochloric acid. These acids dissolve 
all of the foreign matter but leave the salts of the rare 
earth metals as they are insoluble. 

FracHondl Crystallization. — ^The next step is to sepa- 
rate the salts from each other and the process by which 
this is done is known as fractional crystallizaiion ; this 
term means that the salts of the rare earth metals, 
each of which latter has an atomic weight that is slightly 
greater than the one before it (excepting yttrium), will 
crystallize and separate out in the order of its atomic 
weight Now the process by which fractional crystal- 
lization, or fractionaiing as it is called for short, is 
usually done in two stages and these consist of the 
following series of operations as given by Schoeller 
and Powell in their book, The Analysis of Minerals. 

The First Stage. — The original mixture of salts 
(A) is dissolved in a hot acid solvent and the solution 
evaporated until on cooling about one-half of the orig- 
inal mixture crystallizes out. After standing overnight 
the mother liquor (B) is decanted (that is, gently 
poured off) into a new vessel and this is then evap- 
orated, so that about one-third of the r^aining salt 
crystallizes on cooling. 

The first crystals ((7) are now dissolved in a hot 
solvent so that on cooling two-thirds of the mixture 
crystallizes out. Both vessels are now allowed to stand 
overnight; the liquor (I?) from the evaporation of (B) 
is poured off from the crystals (B) and this is again 
evaporated; the liquor (F) from the recrystallization 
of (C7) is poured on the crystals (B) and this is warmed 
until the crystals dissolve; if necessary, more of the 
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Mtlvent is added, and the salts are allowed to crystal- 
lize out. 

The crystals (F) are now redissolved and recrystal- 
lized as before. This process is continued in a like 
manner imtil about SO fractions have been obtained, 
the first crystals in each series being recrystallized 
from a fresh solvent ; the mother liquors from each crop 
being used to dissolve the next crop, and the find 
mother liquor being evaporated in stages. 

The Second Stage . — ^In this stage the number of 
fractions is kept constant. The fractions numbered 
from 1 to 20 are heated until the crystals are dissolved 
and then evaporated so that on cooling about three- 
fourths of them separate out. The mother liquor from 
fraction 20 is poured into a new vessel {21) y the liquor 
from 19 on the crystals in 20, that from 18 on to the 
crystals in 19, and so on down to the liquor from 1 
which is poured on the crystals 2. 

A new solvent is next put in the vessel 1 and the 
whole series from 1 to 20 ia heated until the crystals 
dissolve, when they are again allowed to crystallize. 
The same process is gone through as in the first case, 
that is, the liquor from 20 is poured into 21, that 
from 19 on to the crystals 20 and so on. The crystals 
1 are again dissolved in a fresh solvent and the entire 
series of operations is repeated. 

After a time the crystab 1 become very small in 
bulk and they, therefore, miss a crystallization after 
which they are added to the crystals in vessel 2 and 
this one from this time on constitutes the head fraction. 
When the liquor in vessel 21 gets to a sufBcient bulk 
it is added to the series and becomes the new tail frac- 
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Hon. By oontinniiig in this way 1, 2, S, etc., appear 
at the end of the series; thus it is that after a time 
the fractions begin to get less as more and more pure 
salts are removed from each end. The diagram given 
in Figure 52 will help you to visualize the above 
operations by which the salts are separated out 


Oti^wal Sot ui ion 



Fio. 52. — ^DIAOBAM of a FBAOnOlTATIOIt OF THE Rabe Eabths 


From the complexity of the above operations it must 
be obvious why the most experienced chemist often has 
difficulty in obtaining pure salts of a given metal, and 
why he is frequently deceived in his deductions as to 
the metal it is formed of. It is these untoward factors 
which are chiefly responsible for many of the hypo- 
thetical metals which I have described in Chapter IX. 

How the Fracdonaticms Are Controlled. — By the 
term control of the fractionations is meant the testing 
of the rare earth salts, as the process of producing them 
moves along, to learn (A) the kind of a metal each 
one is made of, and (J?) the d^ee of purity of each 
salt The three principal methods of controls are 
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(i) the spectroscopic method, (£) the equiTalent 
method, and (d) the magnetic susceptibility method. 

The apeeiroseopie method consists of examining the 
salt with a spectroscope (see Figure 6S), and its char- 
acteristic light lines can be observed. There are two 



a, 53 . — A Spectroscope por Detecting the Presence op 
Metals 

(Courtesy of the Central Scientific Co., Chicago, 111.) 


kinds of spectra that are used for the examination of 
the salts of the rare earth metals and these are (a) the 
spark spectrum which is used for the detection of the 
metal in its salts, and (&) the arc spectrum which is 
used to test the purity of a salt or its metal.® 

• You will find these methods explained in any textbook on 
college physics in the chapter on spectrum analysis. 
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The equivaJmt weight method consists of finding the 
weight of the element which will combine with 8 parts 
of o:^geu or 1.008 parts of hydrogen. The equivalent 
weights of the different elements are so called because 
they are equivalent to the extent with which they com- 
hine with equal amounts of oxygen, or of hydrogen. 

The magnetic susceptibility method consists, as its 
name indicates, of measuring the magnetic suscepti- 
bility of the rare earths as these vary quite widely one 
from the other. A magnetometer for the determination 
of rare earth metals is shown in Figure 6J^. 

The Isolation of the Rare Earth Metals. — There 
are two general methods used in which the rare earth 
metals are isolated from their respective salts and 
these are (i) chemical processes, and (f) physical 
processes. There are three chief chemical processes 
employed and these are (a) fractional crystallization, 
(b) fractional precipitation and (c) fractional oxida- 
tion. The two chief physical processes are (a) frac- 
tional distillation, and (b) fractional electrolysis. 

Now fractional crystallization is a process of sepa- 
rating out, that is, obtaining the metal you want 
which is in solution by a series of slow progressive 
crystallizations, the liquor of each one being poured 
off and evaporated for another crystallization. Isola- 
tion of a metal by fractional precipitation is accom- 
plished by separating the metal from its solution by 
adding soluble salts to it, while fractional oxidation 
mflana that the metal is isolated by the successive oxida- 
tions of its salts. 

The isolation of a metal by fractional distillation 
«r 8uhUmatid», is accomplished by separating the dis- 
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tillates which evaporate at different temperaturea, and, 
finally, fractional electrolysis is performed by making 
a solution of a salt of the metal you want to isolate, 
immersing a pair of electrodes in it and connecting 
them to a suitable source of electric current. Both of 
the electrodes are often made of platinum but in some 
cases the cathode, or n^ative electrode, is formed of 
mercury and the anode, or positive electrode, is formed 
of platinum. 

If you are interested in the precise modus operandi 
by which each one of the different rare earth metals is 
isolated from its respective salts you will find it in 
Volume V of Mellor’s Inorganic Chemistry. 

The Isolation of the Radioactive Metals . — The 
Metal Radium . — The chief mineral from which the 
metal radium is obtained is pitchblende and there is 
only about one-sixth of an ounce of radium in a ton of it, 
and it is only possible to get about half of this amount 
out of it To do this the uranium that is in the pitch- 
blende is extracted from it first and the remaining pitch- 
blende is successively treated with hot caustic soda, 
hydrochloric acid and sodium carbonate. 

The solid substance that remains contains radium 
carbonate and barium carbonate and there is also some 
calcium, lead, polonium and actinium in it. These 
latter metals are next removed and the above carbonates 
are converted into radium chloride and barium chloride 
so that these alone remain. As the barium chloride 
dissolves more easily than the radium chloride the 
former is dissolved out and only the radium chloride 
remains. 

How to isolate the metal radium from its chloride 
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is a fall-sized man’s job but it took a woman to do it 
and the way Madame Curie went about it was like 
this: She used the electrolytic process and when she 
passed the current through the solution of radium chlo- 
ride the pure metallic mercury was deposited on the 
cathode, which was formed of mercury. 

Next she heated the cathode, which was now formed 
of an amalgam of radium and mercury, in a little iron 
dish; this latter was placed in a tube made of quartz 
and was enclosed in a platinum tube which supplied 
a current of hydrogen, and the whole was placed in 
an electric furnace. When a temperature of 700 de- 
grees centigrade was reached the mercury was vola- 
tilized and all that remained in the dish was a minute 
amount of dazzling white metal which was pure radium. 

The Isolation of Uranium . — The oxides of this metal 
are found in pitchblende, camotite and a few other 
rare minerals. The metal itself is obtained (1) by 
heating a mixture of one of its oxides with pure carbon 
or with powdered aluminum, or (£) by electrolyzing 
the double chloride of uranium and sodium. 

The Isolation of Thorium . — There are several 
methods by which this metal can be separated out from 
its compounds, but all of them are difficult owing to 
the fact that it has a high melting point and its activity 
in combining with nitrogen, hydrogen, silicon and the 
Xnetals. 

It can be isolated by (1) the action of silicon and 
aluminum on thoria, i.e., thorium oxide, or on potas- 
sium thorium fluoride; {2) by passing the vapor of 
thorium iodide over a heated tungsten Aliment ; (5) by 
the action of metal calcium on thoria; (. 4 ) by the treat- 
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ment of anbydrouB thorium chloride in a steel bomb 
which has the air pumped out of it, and, finally, (5) 
by the electrolysis of thorium chloride in a mixture 
of fused sodium and potassium chloride in a graphite 
crucible. 



CHAPTER XV 
THE USES OP METALS 

The uses of the metals are so varied and numerous it 
would take a book of this size even to cite them briefly ; 
this being true I shall have to be content to simply 
mention their chief uses. Grenerally speaking, metals 
are used for three different purposes and these are in 
(1) the arts, (£) the sciences, and (S) the industries. 
For whatever purpose metals are employed they are 
used in four different states and these are (a) in their 
pure state, (&) as alloys, (c) as amalgams and (d) as 
compounds. 

Pure metals have very few applications in the indus- 
tries, most of them being alloyed with other metals; 
the amalgams are chiefly used for scientific purposes 
except in mining operations, while the compounds are 
extensively used in the arts, sciences and industries. 

The Common Metals 

The Uses of Iron and Steel . — Iron is the most 
common and useful of all the metals. Pure iron is 
seldom used for making things as it is too soft for 
nearly all practical purposes. The chief exception to 
this rule is piano wire which is about 99.7 per cent 
pure. 

Cast iron may have a graphite carbon content that 
makes it soft and gray when it is called gray cast iron, 

or a combined carbon content when it is called chilled 

257 
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cOfSt iron. Ab its name indicates, cast iron is used for 
castings of every description. WrougM iron is used 
where a soft and tough iron that can be welded and 
forged is needed. It is used in the arts for all kinds 
of omammital work and in the industries for drawing 
into wire and making bolts, chains, anchors and fire- 
bars. 

Steel is an aUoy of iron and carbon but different 
from ordinary iron it is almost free from phosphorus, 
sulphur and silicou Tool steel contains from 0.9 to 
1.6 per cent of carbon; structural steel from 0.2 to 0.6 
per cent of carbon; mild steel 0.2 per cent of carbon 
and even less, and this is used for boilers, bolts, wire, 
and the like. 

Bessemer and open hearth steels are used for light 
and heavy machinery castings, for shafts and it is rolled 
onto rails and used for bridge and structural worL 

Crucible steel is used for making razor blades and 
this contains 1.5 pet cent of carbon; fine tools which 
contain 1 per cent of carbon; dies, pens, needles and 
cutlery contain 0.76 per cait of carbou 

Steel alloys and steels made for special purposes 
contain one or more of various elements such as 
manganese, nickel, chromium, tungstm, molybdenum 
and vanadium. Manganese steel contains from 7 to 20 
per emit of manganese and is used for the jaws of 
rock crushers and safes. Nickel steel is used for armor 
plates, wire cables, bicycle tubing and propeller shafts. 

Chromium steel has from 12 H- per cent of 
chromium in it and is used for acid-resisting vessels 
and for making stainless steel cutlery. Tungsten steel 
is used for mfllring high-speed machine tools; it con- 
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tains from 16 to SO per cent of tungsten, a little car- 
bon, chromium and vanadium and the rest steel 

Chrome^anadium steel contains 1 per cent of chro- 
mium, 0.1 S per cent vanadium and the rest steel; it is 
used for the frames and axles of motor cars and con- 
necting rods. Invar steel contains 36 per cent of nickel ; 
it is nonexpansive and is used for meter scales and 
pendulum rods. 

Iron Compounds . — In chemistry iron compounds go 
by the name of ferric and ferrous^ compounds. The 
chief compounds of iron are ferric chloride (FeCh), 
which when made into a solution with alcohol is used 
in medicine as tincture of iron. Ferric ferrocyanide 
fFe*{Fe{Cn')i)t) has a brilliant blue color and is 
known to painters as prussian blue. Ferric oxalate 
(Fet{CiO*)a) is used for making blue print paper 
while ammonium-ferric citrate {Fe{NIl 4 .)a{CtHi 0 i)z), 
is employed instead of the oxalate for making com- 
mercial blue print paper. 

Ferric oxide {FetOt) is iron rust and it is sold as 
rouge and Venetian red. Ferric thiocyanate (Fe- 
{CNS)») furnishes a very delicate test for traces of 
ferric salts. Ferrous ferricyanide (^Fe»(Fe(CN) 9 )t) 
has a deep blue color and is known as Turnbull' s blue, 
and finally, ferrous sulphate (FeSOt) is used in dyeing 
and for making writing ink. 

The Uses of Copper. — On account of its resistance 
to the action of acids and gases copper is used for 
many kinds of vessels, for covering the roofs of build- 
ings and the bottoms of ships. It is also extensively 

1 Ferric compounds are those which have a higher valence than 
ferrous compounds. 
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«ra{>lo!y«d for engraved plates, deetrotype reprodnctioiis 
and deetroplating. Where water in mines has sol- 
fdraric acid in it which attacks steel, the pumps are 
made of copper. Pure copper is used as the positive 
element in gravity and other batteries, and pure copper 
wir^ which is sold under the name of magnet wire, 
is used for all kinds of electric work. 

Copper Alloys . — ^Alloys in which copper is the chief 
constituent are extensively used in the arts, sciences and 
industries. Bronze is used for making coins, medals 
and statuary and brass is used for making all kinds 
of scientific apparatus and light machine parts. Ger- 
man silver was formerly much used for making spoons 
and other tableware. 

Copper Compounds . — In chemistry copper com- 
pounds go by the names of cupric and cuprous com- 
pounds. Cupric acetate {Cu(^CzHt02)2,Ez0) is known 
as verdigris and it is used for making green paint; it 
is also used in preparing Paris green which is chiefly 
employed for exterminating potato bugs and other in- 
sects and for killing parasitic fungi. Scheele’s green 
is an arsenite of copper and is a poisonous green pig- 
ment, but it is little used at the present time. 

Cupric chloride {CuClz) is used as a reagent, a 
mordant in the dye industry, in making sympathetic 
inks, as a disinfectant and in the manufacture of aniline 
dyes. The chief use of cupric oxide (CuO) is in the 
analysis of compoxmds of carbon. Cupric hydroxide 
(Cu(OH)t) is largely used for making rayon, that 
is, artificial silk, and for waterproofing paper. 

Cupric sulphate {Cu80i) is commonly called blue 
vitriol or bluestone. It is used in gravity batteries, 
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for electroplating eolntions and as a mordant in dye- 
ing. When a solution of it is mixed with milk of lime 
it is precipitated and this is known as Sordecntx mtb?- 
turej it is largely used as a spray for grapevines and 
other plants to prevent the growth of fungi. Cupric 
sulphide (CuS) is used as an antiparasitic pigment 
for painting the bottoms of ships. Cuprous chloride 
{CuCl) in solution with hydrochloric acid is used for 
absorbing carbon monoxide from gaseous mixtures. 

The Uses of Tin.— This metal is used for coating 
sheets of mild steel and then it is called tinplate which 
is used for making cooking and other utensils. Com- 
mon pins are made of brass and coated with tin. When 
soft water contains dissolved oxygen it reacts on lead 
and for this reason tin pipes are used instead for 
carrying distilled water and for beer pumps. Tin is 
largely used for making tin foil and, in turn, this is 
used for wrapping candy and foods and for making 
electric condensers. 

Tin Alloys. — The chief use of tin in making alloys 
are those of bronze, soft solders and fusible metals. 
It was formerly much used in amalgams for making 
mirrors. 

Tin Compounds. — Ammonium-staimic chloride 
({Nnt)iSnCU), or pink salt as it is called, is used as 
a mordant on cotton and gives a red lake ^ with alizarine. 
Stannic chloride {SnCU) when mixed with a little water 
solidifies to a soft crystalline mass which is known as 
"butter of tin, and this is used as mordant in dyeing and 
calico printing. When a solution of it is added to a 

a A lake is a pigment prepared by precipitating coloring matter 
with a metallic compou^. 
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iin1|iti«p of loditixn <^oroaiirate {NaAv^Ht) the metallio 
gcdd is set £cee while purpie of Commu is fomed aiid 
this is used for gilding porcelain. 

Stannic oxide (SnOt), or tin oxide as it is called, is 
used for making white enamels, polishing glass, etc. 
Stannic sulphide (8nSt) when heated in the presence of 
sal ammoniac * crystallizes and this is known as mosaic 
gold or bronze powder. Stannous chloride (8nClt,- 
£HtO) is used as a mordant in dyeing under the name 
of oxymuriate of tin. A solution of sodium stannate 
(Na*8n0t,SHt0) makes cotton goods noninflammable 
when they are dipped in it and then after drying are 
dipped in ammonium sulphat& 

The Uses of Lead.— The ancients tised this metal 
for wei^ts, utensils and water pipes. Because it does 
not rust and acids have very little effect on it, it is used 
in sheet form for lining vessels and chambers in which 
sulphuric acid is made and kept. It is also largely used 
for plumbing pipes where the water is hard, and 
for covering electric cables, and making lead gratings 
for storage batteries. Finally, it is used for making 
lead sinkers, pane, pots, kettles and caldrons. 

Lead Alloys. — ^When mixed with a little arsenic, shot 
and shrapnel are made of the alloy. It is used for type 
metal and stereotype plates, while soft solders. Babbitt 
metal and pewter contain large amounts of it. 

Lead Compounds. — ^In chemistry the word lead 
and also plumbic are used to indicate their nature 
whmi combined with other substances. Lead acetate 
(Pb{C*Ei*Ot)i,SHtO) is called su^or of lead and this 
is used as a mordant for dyeing and in calico printing. 

*TIiit ia ccmunereial ammonimu cUori^ {PEJOl). 
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Easic lead carbonate (SPbCOt'PbiOH")*) ia the tohUe 
lead of commerce and this is uaed aa a pigment becanae 
it combines a pure white with great body, dries quickly 
and does not crack, but it is expensive. 

Plumbic oxide (PbO) is lead monoxide and ia a 
solid crystalline mass that has a yellowish-red color; it 
is sold as litharge and this is used for making glass, in 
glazing earthenware, in drying oils and, finally, as a 
starting point for making other lead compounds. When 
plumbic oxide is heated to a higher temperature than is 
used in making the litharge it forms a yellow powder 
called massicot, or lead ocher as it is sometimes termed. 
It is used as a pigment and drier and in the preparation 
of minium or red lead as it is commonly known; this 
is a red oxide of lead (Pbs 04 ) and is used as a pigment 
in the manufacture of glass, matches, storage batteries, 
etc. 

The Uses of Zinc. — On account of its lightness 
sheet zinc is used in preference to lead for roofs, gutters 
and architectural ornaments. Galvanized iron is made 
by dipping clean sheet iron into melted zinc. Various 
iron objects are coated with zinc by cleaning and baking 
them in zinc dust and this process is called sherardizing. 
Zinc is used as the negative element in ail primary bat- 
teries. For line cuts and coarse half tones zinc plates 
are used. 

Zinc Alloys . — ^Zinc is used with copper for making 
all of the many different kinds of brass, and it is also 
a constituent of many fusible alloys. 

Zinc Compounds . — ^Zinc chloride (ZnCU) is used in 
a solid form as a caustic and in solution it is injected 
into railway ties and other woods as a poison to kill 



iM THEHETMB 

atfflmlnmg idtidi iiaake tiuta ieeqr. It ii aaj^lfliTed m 
a miderwg aohUim and this it does ibj diMolTiiig the 
oxideB whieh coat the aotf aces that are to be soldered 

A hot solution of it dissolvee eeOadott, which is the 
chief constituoit of both paper and cotton, and this 
takes on a gelatine-like form; when this is ^forced 
through a minute hole in a steel plate the cellulose issues 
forth in a thread and when this is carbonized the 
resulting filament is used for incandescent lamps. 
Finally, it is used in medicine as an escharotic, that is, 
as a caustic, and a weak solution of it is employed as 
an astringent and a disinfectant. 

Zinc oxide {ZnO) is used as a pigment when it is 
called zinc white or Chinese while. It is also used for 
such widely diversified purposes as a filling for motor 
car tires and for filling teeth. When used for the latter 
purpose it is made into a paste by mixing the oxide 
with a strong solution of zinc chloride and it quickly 
sets. Zinc sulphate (ZnSO*) is used in dyeing, in 
calico printing and, when made into a Yg per cent solu- 
tion with water, as an eyewash. Lastly, when zinc 
sulphide (ZnS) is mixed with harimn sulphate it is 
used as a white pigment, in the manufacture of linoleum, 
rubber tires, etc. It has a greater covering surface 
than white lead, does not darken and is nonpoisonous 
but does not wear as well. 

The Uses NickeL— -Kit^l is used for plating 

other metals, for making chemical and electrical ap- 
paratus, as a catalyst in the hydrogenation of oils which, 
in turn, are employed in the manufacture of margoarine, 
and for making acid-resisting alloys and nickel salts. 

Nickel Alloys . — ^Nickel forms a constituent part of 
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muserouB xumcoTrodiiig imd hi^ reakttmee aUoys, dhief 
among which are argentan, nickeline, |erzo>iiie]Ed) 
platinoid, constantan, nichrome and rhoetam The font 
latter alloys are used for resistance coils in electrical 
apparatus. 

Nickel Compounds. — There are two genial kinds 
of nickel salts and these are (a) mckelie salts and (h) 
nickelous salts. The chief nickelic salt is niekelic aside 
(NuOb) and this is used in storage batteries as an 
oxidizing agent. There are several important nickdous 
salts and chief among these are nickelous carbonate 
(NiCOz) which is used in electroplating; nickelous 
chloride (NicU) is used as a reagent for detecting the 
sulphocarbonates, as an absorbent for gas masks, for 
making sympathetic inks and for nickel plating solu- 
tions. 

Nickelous cyanide (JV’i(( 7 N) 2 ^N* 0 ) is emjdoyed 
for electroplating and in metallurgy. Nickelous hy- 
droxide (Ni(0H)2AH20) is the starting point for 
making nickelous salts, and nickelous oxide (NiO) is 
also used for making various salts and as a green pig- 
ment in ceramics. Nickelous phosphate (Nts(P 04 )*),- 
7N2O) is used as a pigment when it is called nickel 
yellow, and for electroplating iron, copper and brass. 
Finally, nickelous sulphate (NiSO*) is used in medicine 
as a tonic and sedative, a mordant in dyeing, for black- 
ening brass and zinc and for nickel plating. 

The Uses of Mercury.— On account of its high den- 
sity and low vapor tension mercury is used for filling 
thermometers, barometers and manometers;* also for 


4 An instrument for meunring the tension of gases and vapors. 
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jneicuiy commatatois for electrical experiments; mer- 
cury gages for steam pressure calorimetry tests ; mercury 
pumps in which air and other gases are trapped and 
exhausted by a continuous or a broken stream of mer- 
cury, and, lastly, for mercury vapor lamps, interrupters 
and converters. 

Mercury Amalgams. — ^Mercury will form amalgams 
with all of the ordinary and noble metals except iron and 
platinum and the platinum metals. Amalgams of tin, 
silver and gold are used by dentists; gold is extracted 
3&om its ore by amalgamating it with mercury; mirrors 
are backed with silver amalgam, and amalgamation of 
the zinc plates of batteries reduces the local action when 
in use and reduces the action of the acid on the plates 
when they are not in use. 

Mercury Compounds. — ^Mercurous chloride {HgCt) 
is known in medicine as calomel and it is used as a 
purgative and tends to stimulate all of the organs pro- 
ducing secretions. Mercurous sulphide (BgiS) of the 
red kind is used in making vermilion paint Mercuric 
chloride (^HgCh), commonly called corrosive sublimate, 
is a virulent poison, a powerful antiseptic and an anti- 
syphilitic. It is also used in dyeing and other indus- 
tries. When mercuric fulminate (Hg(ONC) 2 ) is sud- 
denly struck it decomposes and it is, therefore, used in 
making percussion caps. 

Mercuric iodide {Hgit) when made into a solution 
with potassium iodide forms what is known as Nesslet's 
reagent. It provides a very delicate test for ammonia 
and it is largdiy used in the analysis of water. When 
mercuric thiocyanate {Hg(NC8)t) is made into pills 
and these are burned in air they leave an enormously 
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large amount of thin, cylindrical ash behind and these 
are called Pharaoh's serpents. 

The Uses of Aluminum. — ^Not so long ago aluminum 
was among the least of the known metals but now it is 
to be found in every home in the form of cooking uteur 
sils which are of every kind. Aluminum foil is largely 
taking the place of tin foil. Aluminum wire is exten* 
sively used for electric transmission lines instead of 
copper wire. The metal is used for making cameras, 
opera glasses, bicycle, motor car and airship parts and 
for brewing vats. When the powdered metal is mixed 
with oil it is used as a silvery paint. Powdered alumi- 
num is largely used for the manufacture of pure metals 
such as chromium, manganese, uranium, etc., by the 
Goldschmidt thermite process, and also for welding pro- 
peller shafts of ships and large castings of all kinds. 

Aluminum Alloys . — A large part of aluminum is 
used in making steel for when 1 part of it is added to 
1000 parts of melted steel, it combines with the gases 
and gives ingots that are sound and free from blow 
holes. Aluminum bronze, or aluminum gold as it is 
also called, has a magnificent golden color and is the 
finest bronze known. It is used for journal bearings, 
bells and ornamental articles of all kinds. Magncdium 
contains only 8 per cent of magnesium to 98 per cent of 
aluminum, but while pure aluminum sticks to the tools 
and is hard to polish the alloy is easy to work 

Aluminum Compounds . — There is a whole raft of 
useful compounds that have aluminum as their basis. 
Aluminum acetate {Al{CiHtOt)») is used in medicine 
as a gargle, an astringent and as an antiseptic; it is 
also employed as a mordant in dyeing and by immersing 
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delicate cloth goods in a solution of it and then in an 
aluminum acetate solution th^ axe made quite water- 
proof. 

Aluminum hydroxide {AW OH) a is a gelatinotis 
white precipitate and it is used for purifying water for 
domestic purposes and also for sizing the cheaper 
grades of paper. Aluminum oxide (AhOt) or alumina 
as it is called, is largely used for making synthetic 
rubies and sapphires. It is also converted into alum- 
dum and this is used for artificial oil stones which, in 
turn, are used for sharpening tools. 

Aluminum hydrated orthosilicate (AhOajSSiOay 
2HtO) when pure is known as kaolin or china clay; 
when a little fusible feldspar is added to it, it is used 
for making porcelain, china dishes and pottery. When 
it has other compounds mixed with it, it becomes com- 
mon clay and this is used for making brick for buildings 
and tile for roofs and drains. Clays that are colored 
with iron and manganese oxides are used for pigments 
and these go under the names of ocher, umber and 
sienna. When the clay is a little purer than common 
clay it is called Fullei's earth and this is used for clean- 
ing grease from doth and wool and also as a filter to 
clarify oils. 

In the olden days the pigment known as ultramarine 
was made of pulverized lapis lazuli,'^ a rare mineral 
having a beautiful blue color. Ultramarine is now made 
by heating kaolin, sodium carbonate, sulphur and char- 
coal and the resulting compound has the formula of 

* In Latin lapi$ means ttona and lamtli means blue. Lapis 
lasiM it ilie sapphire of the ancients. The lew valuable stones 
were formerly used for making ultramarine. 
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(N(u(N(i8syAl)AU(8i04)z). This synthetic substance 
is used as laundry bluing, in making blue tinted paper 
and when mixed with oil for a rich azure blue paint. 

Aluminum sulphate (Al2(804)i) is sometimes called 
concentrated alum and it is used as a mordant in dye- 
ing, in tawing skins and to give a surface to printed 
papers. It has largely taken the place of real alum for 
these purposes. It is also used for making precipitated 
hydroxide and this, in turn, is employed in dyeing, 
water purification and making paper. 

The Uses of Cobalt. — In its metallic state cobalt 
is not used for commercial purposes. 

Cohalt Alloys. — Cobalt is not used to any great extent 
in making alloys, the chief one being known as cohalt 
hronze. 

Cohalt Compounds. — There are two general kinds of 
cobalt compounds and these are (i) cobaltic compounds 
and {2) cobaltous compounds, and it is the latter that 
are chiefiy used in the arts and sciences. Cobaltous 
aluminate {Co{Al02)2) is known as Thenard's blue 
and it is used as a blowpipe test for aluminum. 

Cobaltous chloride (CoCl2y6H20) is used for sympa- 
thetic i nks and hygroscopic indicators, i.e., weather 
forecasters, since when the salt is hydrated (wet) it is 
red, and when it is dehydrated (dry) it is blua Ca- 
baltous oxide (CoO) when combined with zinc oxide 
forms a substance that is used as a green pigment which 
is of superior quality. When this oxide is melted with 
sand and potassium nitrate it forms what is called cohaU 
glass, and when this is pulverized it produces a blue 
pigment known as smalt, and this is used in china paint- 
ing and by artists generally. 
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CobaltOTis phosphate (Cot(PO*)t^H»0) is used in 
ceramics and the glass industry for producing light blue 
metallic colors. When it is burned with aluminum 
oxide it forms a dark blue pigment called cobalt blue or 
cobalt ultnmarine. It is a permanent color and can 
be mixed with all mediums. Finally, the double nitrate 
of potassium and cobalt forms a bright yellow and 
nearly transparent pigment and this goes by the name 
of cobalt yellow or aureolin,* 

The Uses of Antimony. — The metal antimony has 
no useful industrial application. 

Antimony Alloys. — The alloys which contain anti- 
mony expand while th^r are solidifying and therefore 
give exceedingly sharp castings. Type metal, stereo- 
type metal and britannia metal, which latter is largely 
used for tableware, contains antimony, as well as Bab- 
bitt metal and other anti-friction alloys. 

Antimony Compounds. — ^When antimony trichloride 
(SbCU) is treated with a thiosulphate in solution a fine 
bright red pigment is formed and this is called antimony 
vermilion. Antimonyl ^ potassium tartrate formula is 
our friend of bygone days known as tartar emetic. An- 
timony pentasulphide (8b^t) is tlsed for vulcanizing 
rubber and gives an elastic, durable red variety of it 
Antimony oxide {8b»0s) is called antimony white 
and this is used as a pigment And, lastly, stibine 
(8bHt) is a colorless gas formed of antimony and hydro- 
gen. It has a characteristic odor, bums with a greenish 


^ From tlie Latin aureolut wliich means golden, 

^Antimonyl is the radical SbO^ that is, it is formed of an- 
timonj and oxygen. 
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flame and is deadly poisonous. It is used in Marsh’s 
test for arsenic. 

The Uses of Bismuth. — ^The metal itself has no in- 
dustrial application. 

Bismuth Alloys. — ^Like antimony, bismuth expands 
on cooling and, therefore, gives sharp castings. When 
bismuth is mixed with other metals that have low melt- 
ing points th^ form alloys that melt at a lower tem- 
perature than that of boiling water. They are called 
fusible metals or fusible alloys and are used for fining 
teeth, making soft solders, taking impressions of coins 
and medals, safety plugs for steam boilers, automatic 
sprinklers, electric fuses, etc. 

Bismuth Compounds. — The salts of bismuth are used 
in medicine, in making cosmetics, glass, porcelain, etc., 
and in calico printing. Bismuth chromate {BizOt,- 
SCrOs) is called hismuth yellow and is used as a 
pigment. Bismuth benzoate {Bi{OOCCtHfO')») is used 
internally in stomach disorders and externally instead 
of iodoform. Bismuth oxynitrate (Bi(OH)zNO») is 
used under the name of suhnitraie of hismuth for treat- 
ing certain kinds of indigestion and also in the manu- 
facture of face powders. 

The Uses of Chromium. — The Meted. — ^The only 
industrial use of chromium in its pure metallic state 
is for anodes in electroplating. 

Chromium Alloys. — Chromium is largely used in 
making chrome-steel which, in turn is employed for 
armor-plate, etc. It is also a constituent of an alloy 
called chromel, which is highly resistant to rust, heat 
and the action of acids; it is used for wires, triangles, 
etc., in the laboratory. 
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Chromium Compounds. — Chromic anhydride (CrO$) 
is often called chromic acid, hut which it is not. It is 
much used as an oxidizing agent for organic substances. 
Chromic acetate {Gr(CO%CHt)t) is used as a mordant 
by calico printers. Potassium chromate {KtCrOt) and 
sodium chromate (N(itCrO*,10HiO) form the starting 
points in making other compounds of chromium. Po> 
tassium dichromate {KtCrtOi) and sodium dichromate 
(NotCrtOr) are employed instead of tanbark in tan- 
ning kid and glove leathers; this is known as the 
chrome-tanning process and it reduces the time of tan- 
ning from months to several hours. These chromates 
are also used with gelatine in making various kinds 
and colors of photographic carbon prints. Chromic 
fluoride {CrFt,J^tO) is employed in dyeing, in print- 
ing cotton and coloring white marble. 

Lead chromate (PhCrO*) is used as a yellow pig- 
ment and this is sold as chrome orange; by treating it 
with lime water a brilliant orange color, called chrome 
red or Dethy red is produced. Chromyl chloride 
{CrOtCU) is employed as a test for the presence of 
traces of chlorides in large amounts of bromides or 
iodides, or both; it is also a powerful oxidizing agent. 

Chromic hydroxide (Cr{OH)t) is employed as a 
mordant and is the active substance in the chrome- 
tanning process. Chromic oxide {CrtO») is used in 
making a green pigment called chrome green, and this, 
in turn, is employed in calico printing, in printing 
paper money, in ceramics and the glass industry. 
Chromic phosphate {CrPOt) is called Pussy's green 
and Amomdanfs green and is employed as a pigment 
Chromic sulphate (Cr»(80*)») is the starting point 
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in the manufactnxe of chromic compounds and also of 
green inks. 

Chromium-potassium sulphate (Ki804,Crz(804),- 
is commonly known as chrome alum and one 
of its uses is that of a mordant in dyeing. Chromium 
trioxide (CrOt) is one of the most powerful oxidizing 
agents. Chromous acetate {Cr{CzH»Oi)»,SHiO) is a 
blue pigment that is used in calico printing and as a 
stain. 


The Hoble Metals 

The Uses of Gold. — Gold in its pure state is too 
soft to be used for commercial purposes and, hence, it 
is generally alloyed with a small percentage of some 
other metal or metals and these are usually copper or 
silver. It is, however, used for the anode in gold plat- 
ing, for gold leaf for signs and gilding purposes 
generally, and also for the leaves of electroscopes. 

Gold Alloys. — These are used for coinage, jewelry 
and objects of art. 

Gold Compounds. — Auric chloride {AuCl») is used 
for toning silver prints in photography. Aurous iodide 
(^Aula) is employed in dyeing to vary the shade. The 
aurocyanides like K‘Au (CN^z, and auricyanides, like 
K'Au (CN)e are used when made into solutions with 
water for electroplating with gold, or electrogilding as 
it is called. Aurous potassium cyanide {KAu{CN)z) 
is also employed in electroplating and also as an anti- 
septic in medicine. About the only other gold salt that 
is in general use is sodium chloraurate {NaA.uCl^ and 
silver papers in photography are toned with it 
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The Uses of Silver.— Silver is seldom used in its 
pure state except for making silver leaf and for anodes 
for electroplating. 

Silver AUoys . — Silver is usually alloyed with a little 
copper to make it harder. Alloys of silver are iised for 
coinage, jewelry and silver ornaments of numerous kinds 
as well as for silverware. Silver aiualg flTn is used for 
making mirrors and filling teeth. 

Silver Compounds . — Silver bromide (^AgBr') is ex- 
ceedingly sensitive to light and it is, therefore, used for 
smisitizing photographic dry plates and bromide papers 
such as velox. Silver chloride (AgCl) is also used 
for sensitizing silver photographic papers. Silver iodide 
(^Agl) is used to some extent in photography and also 
in medicine, chiefly as an antisyphilitic. Silver nitrate 
{AgNOn) is used in solution to sensitize silver photo- 
graphic papers and it is also employed as the starting 
point for making other silver salts. 

Lunar caustic * is silver nitrate cast into thin sticks 
and this is used to cauterize sores. It is used in treating 
diseases of the stomach and intestines, typhoid fever, 
epilepsy and tabes, which latter is a wasting disease 
It is used for dyeing gray hair black, thus making old 
men young, as well as for dyeing furs, and, finally, it 
is employed as a reagent for testing, by their distinctive 
colors, silver orthophosphate {AgtPOi) which is yel- 
low, silver arsenate {AgtAsOi), and silver chromate 
(AgtCrOt) which is crimson. Ammono-silver nitrate 
(Ag(NH»)»NOt) is used for silvering mirrors. Silver 
fnhninate {AgONC) is a crystalline salt that is used 
on account of its violently explosive properties. Lastly, 
• Also called lapis infentalit which is Latin for infernal atone. 




THE USES OF METALS 275 

potaaeium argenticyanide (KAg{CN)») is used for 
making plating solutions. 

The Uses of Platinum^— Because of its small chem- 
ical activity, platinum is used for wire, foil, crucibles 
and other small chemical vessels and as a catalyzer in 
chemical processes. It is also employed as a dental 
filling, for spark points of induction coils and other 
electrical apparatus. Since the price of platinum has 
become higher than that of gold it is largely used for 
jewelry. It is used in Bussia for coinage and we use 
it over here for cigar lighters.* 

Platinum is the only metal that has exactly the same 
coefiicient of expansion as glass and it was formerly 
fused into incandescent lamp bulbs to provide the elec- 
trical connection with the filament inside and the circuit 
outside.** Platinum sponge occludes, that is, absorbs 
oxygen, hydrogen and certain other gases to a high de- 
gree and is employed as an oxidizing agent Platinum 
black is used as a carrier of oxygen. 

Platinum Alloys . — ^Platinum gold alloy has from 10 
to 50 per cent platinum in it and from 90 to 50 per 
cent gold; it is used in some cases instead of the pure 
platinum. Platinum iridium has 90 per cent of plati- 
num and 10 per cent of iridium, while platiniridium 
is a native alloy and contains platinum and iridium to- 

>When a spiral of fine platinum wire is heated and then 
immersed in a mixture of air (oxygen) and alcohol vapor, the 
wire will continue glow and it is on this principle that some 
cigar lighters are made. 

10 Since the price of platinum has made its use for this pur* 
pose prohibitive, Mdred*a wire, which has a core of nickel steel, 
over which is a jacket of copper and an outer sheath of platinum, 
has entirely displaced it. 
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gether with a little radium, ruth^um and copper. These 
alloys are largely used for pens as the iridium makes 
the metal very hard and resists the action of acids. 

Platinum Compounds. — The compound known as 
barium chloroplatinate (BaPWU’J^HtO), or platinum 
yellow as it is commonly called, is used for coating 
fluorescent screens employed in X-ray work Potassium 
platino-cyanide (K»Pt(CN)*’ SHtO) and barium pla- 
tino-cyanide (BaPt(CN)t‘in20) are both used in 
photography and for X-ray fluorescent screens. Platinic 
acid (HtPtOa) is used as a reagent for separating 
potassium from sodium, for platinization, which means 
the coating of surfaces with platinum, for toning photo- 
graphs, in ceramics for metallic lusters and in the 
manufacture of platinized asbestos. 

The Uses of Iridium.— This metal is chiefly used in 
the form of alloys with the other noble metals. The 
alloy known as iridosmium is used chiefly for pen points. 

The Uses of Osmium. — The chief uses of osmium 
are as a catalyst, in making platinum alloys, for in- 
candescent lamps and for pen points. The alloy osir 
lidium is the same as iridosmium and is used in the prep- 
aration of osmium as well as for pen points. Osmic acid 
{OSO4), which by the way is not an acid, is used in 
histology and stains tissues in consequence of its reduc- 
tion by organic bodies to metallic osmium. 

The Uses of Palladium.— Palladium in its metallic 
form is used as a catalyst and as a hydrogen absorbent. 
The alloys of palladium with gold and platinum are 
used in dentistry and for jewelry, and when it is alloyed 
with coppCT and silver it is used for making watches. 
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mirrors, foimtain pens and pencils and surgical instru- 
ments. 

The Uses of Rhodium.— Khodium black is used as 
a catalyst, and rhodium alloys are employed in the manu- 
facture of thermo-elements and astronomical measuring 
instruments. 

The Uses of Ruthenium.— -Metallic ruthenium has 
no commercial applications. The two chief ruthe- 
nium compounds are (1) ammoniated ruthenium 
(Ru( 0 H)Cl 2 ,SNni,n 20 ) which is a brown-red powder, 
and this is used as a reagent for pectin and other 
organic compounds and as a microscopical stain, and 
(2) ruthenium sesquichloride {RU 2 CU) which is used 
in chemistry as a catalyst and in medicine as an anti- 
septic. 

Thu Alkatj Metals 

The Uses of Sodium.— TAc Metal . — Sodium in its 
metallic state has no commercial applications. It is 
used in the laboratory to demonstrate its great activity 
and this is done by dropping a piece of it in a dish of 
water. 

Sodium Amalgam . — An amalgam of sodium is often 
used instead of the pure metal since the combination 
with mercury makes the reactions of the metal more 
easily controllabla {See Potassium Alloys.) 

Sodium Compounds . — Sodium chloride (NaCl) is 
common salt and we not only use it to season our foods 
but as the starting point for making all the other sodium 
compounds except the nitrate. Sodium carbonate 
{NotCOzylOHtO) is used in making soap, glass, paper, 

11 This is found in many ratable tissues as a oonstitumit of 
the cell wall or sap. 




THE METALS 


SYS 

etc. It is used in medicine, phot(^apli 7 , for softening 
water, and in the industries for cleaning purposes. 
Sodium alcoholate (CtHtONa), or sodium ethoxide as 
it is also called, is used as a synthetic agent in organic 
chemistiy and as a corrosive in surgery. 

Sodium hydroxide (NaOH) is employed in the manu- 
facture of soap, preparation of paper pulp and in vari- 
ous other commercial chemical processes. Sodium 
peroxide (NotOt) is used for making oxygen and is sold 
in solid form for this purpose under the name of 
ozone; its chief use, however, is for bleaching and 
oxidizing. Sodium phosphate (NaaHPO*) is utilized 
in dyeing and in medicine as a purgative and as a 
cholagogue, that is, to promote the discharge of bile from 
the system. Sodium disilicate {NoaSuOs) is used for 
making soluble glass, or water glass as it is more gen- 
erally called, and this, in turn, is employed for water- 
proofing and fireproofing wood and textiles and for pre- 
serving eggs. Sodium sulfantimonate (N»Sb8i,9HtO'), 
or Bchlippe’s salt as it has been named, is used as a 
reagent for the alkaloids. 

Sodium tetraborate {NoaBtOtflOEtO), whose com- 
mon name is horax, is used for hard soldering and 
welding iron. Borax is also mixed with glass in making 
enamels for cooking utensils, for bead reactions in chem- 
istry and for preserving foods. Sodium thiosulphite 
{NotSiOziSHtO") is commonly known as "hypo and is 
used for fixing photographic negatives and prints and 
also as an antichlor, that is, a substance to remove the 
excess chlorine in textiles and paper pulp after they 
are bleached. Sodium sulphate (NotSOz) is employed 
as a substitute for sodium carbonate in makin g cheap 
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glass, and, £nallj the decahydrate of sodium sulphate 
(Na»80*,10H.tO), commonly known as Olauhet's saUs, 
is used for making soda by the Leblanc process and for 
making glass. 

The Uses of Potassium. — ^Like the other alkali 
metals potassium in its metallic state has no commercial 
application, but like sodium it is used as an experiment 
to dfflnonstrate its violent activity. 

Potassium Alloys. — These are the liquid or semi- 
solid mixtures of potassium and sodium in the various 
proportions of 90 to 50 per cent of potassium and 10 
to 60 per cent of sodium. Potassium also forms an 
amalgam with mercury. 

Potassium Compounds. — ^Potassium bromide (KBr) 
is used in medicine as a sedative, and in photography 
for making emulsions and as a restrainer for developers. 
Potassium carbonate {KtCO»), or potash is used for 
making soap, glass, etc. Potassium chlorate {KClOt'} 
also called oxymuriate, is employed for making fire- 
works, the heads of Swedish matches, as an oxidizing 
agent and in medicine as a gargle. Potassium chlorate 
is employed as a reagent for alkaloids, phenols and 
indicans, also as an oxidizing agent, in ultimate analysis, 
that is, the determination of the elementary composi- 
tion of a substance ; in medicine as a diuretic and heart 
stimulant, in pharmacy for the manufacture of mouth 
washes and tooth pastes, and in the industries for ex- 
plosives, fulminates and fireworks. 

Potassium cyanide (KCN) is used in electroplating 
and in the cyanide process for the extraction of gold 
and silver from certain ores. Potassium dichromate 
{KiCrtO^) finds employment in dyeing, photography, 
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SB an ozidudng agent and in solution as an electrolyte 
for primary batteries. Potassium fluoride {KtF») is 
used in the preparation of pure hydrofluoric acid, while 
potassium hydroxide (KOH), or caustic potash, or 
potassium hydrate, as it is also called, is used chiefly in 
making soap. 

Potassium iodide (KI) is used in medicine for rheu- 
matism and syphilis, and also in photography for gela- 
tine emulsions. Potassium nitrate {KNOt) is used 
chiefly in the manufacture of black gunpowder and 
touchpaper and also for preserving hams and corned 
beef. Lastly, potassium sulphate (KtSOt) is used in 
making alum and other compounds, as a purgative and 
as a direct fertilizer. 

The Uses of Lithium. — The Metal. — ^Lithium in its 
metallic form has no commercial applications. It is 
sometimes used as a classroom experiment to show its 
activity. 

Lithium Amalgam. — The metal forms an amalgam 
with mercury but it has no commercial use. 

Lithium Compounds. — Compounds containing lith- 
ium are largely used in medicine, thus lithium acetate 
{LiCtH»Ot,!SHzO) is employed as diuretic and anti- 
rheumatic; lithium arsenate is used 

in gout, anemia, malaria, and as an anti-arthritic; 
lithium benzoate (LiOOCCtHt') is ranployed as a seda- 
tive, as a diuretic and as a urinary antiseptic; while 
lithium bromide (LtPr) is used as a sedative. Lithium 
fluoride {LiF) is employed for making enamels in 
ceramics; lithium hydroxide {lAOH') is used as a re- 
agent and in the manufacture of lithimn salts of vari- 
ous kinds, and, finally, lithium nitrate is employed in 



THE USES OF METALS 281 

making red fire for fireworks and as a salt in artificial 
mineral waters. 

The Uses of Rubidium and Caesium . — Their Com- 
pounds . — The chief uses of these two alkali metals are 
limited to a few of their salts. Rubidium ammonium 
bromide (^RbBr^NHtBr) is used in medicine as a 
hypnotic, that is, a sleep producer, and rubidium hydrox- 
ide {RhOH) is employed in the manufacture of various 
other rubidium salts and in making glass. 

The metal cesium is sometimes used instead of ru- 
bidium for they are much alike. Cesium salts are 
employed as reagents in micro-chemistry. Cesium 
ammonium bromide (CsBrJiHtBr) is used as a nerve 
sedative in epilepsy; cesium bromide (CsBr) is em- 
ployed in heart disturbances that are caxised by nervous- 
ness, and, lastly, cesium carbonate (CstCOt) is used to 
charge soda water and various other light drinks with 
the necessary gas to make them bubble and fizz. 

The Alealihe Easth Mbtaes 

The Uses of Calcium . — The Meted . — The metal 
calcium is used in organic synthesis and as a reducing 
agent, but it has no applications in the industries. 

Calcium Alloys . — Calcium is used in making a few 
alloys. 

Calcium Compounds. — The following are the 
chief compounds of calcium. Calcium acetate 
(Ca{OOCCH*)t,HaO) is used in the manufacture of 
acetic acid, acetone and in the dye industry. Calcium 
carbide {CaJC*) is used for generating acetylene gas. 
Calcium carbonate {CaUOt), or limestone as it is called^ 
is used in large quantities as building stone ; when this 
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as burned it forms calcium oxide (OaO), or quicJelime, 
and this, in turn, is employed for maMi^ calcium 
hydroxide (Ca(OH)t) or elacked lime and the uses of 
this compound will be described presently. Calcium 
chloride (CaCh) has a very great aflSnity for water and 
it is, therefore, employed as a drying agent. Calcium 
cyanamide (CaCNa) goes by the common names of 
cyanamid, nitroline and lime nitrogen, and is sold as a 
fertilizer. Finally, calcium cyanide (Ca{CN) 2 ), which 
is commonly called powdered cyanic acid, is used in 
fumigation. 

Calcium fluoride (CaFa) is employed as a flux to 
lower the melting point of metals. Calcium hydroxide 
(Ca(OH)a) is the starting point in making alkalies, 
cement and mortar, the removal of hair from hides pre- 
vious to tanning them, for softening water, as a white- 
wash and as a hleaching powder; this latter compound 
is not only used for bleaching but as a disinfectant for 
destroying germs and disease. 

Calcium hydride (CaHa), whose common name is 
hydrolyte, is a very costly but portable source of hydro- 
gen and is used chiefly for filling war balloons. Calcium 
oxide (CaO), or quicklime is employed chiefly in mak- 
ing calcium hydroxide (C'a(OH)*), or slacked lime, 
as I have already explained above and it, in turn, is 
used in large amounts for making mortars and cements 
and in smaller amounts in medicine. Calcium phos- 
}diate (^Ca*(POt)a) is largely used in making phos- 
phorus, phosphoric acid and as a fertilizer. Calcium 
sulphate (CaSOaJBHaO), or gypsum to give it its 
common name, is used for making plaster of Paris 
and this, in turn, is employed for m a k in g casts by 
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dentists, surgeons, sculptors and others; and, lastly, 
calcium sulphide (CoS) when moist is employed as a 
depilatory, that is for removing hair where nature 
thought it ought to be on the human body, and rele- 
gating it to the garboon. 

The Uses of Magnesium . — The Metal . — The metal 
is used in the form of wire, ribbon and powder for 
making flashlights for photography, for signaling lights, 
for fireworks, and for igniting aluminum powder in 
the thermit process. 

Magnesium Alloys . — ^When 2 per cent of magnesium 
is added to 98 per cent of aluminum an alloy called 
magnalium is formed and this is both eai^ to work 
on a lathe and to polisL 

Magnesium Compounds. — Magnesium carbonate 
(MgCOz) is made in large quantities and sold under 
the name of magnesia alba. It is used in medicine 
as a mild cathartic, as a cosmetic, for making tooth 
powders and for polishing silver. Magnesium chloride 
(MgCUjSNOi) is the starting point for obtaining the 
metal magnesium, and it is also xised for making mag- 
nesium cements, composition floorings and artificial 
stones. Magnesium hydroxide (Mg(OH)») when 
mixed with magnesium chloride and a little sawdust 
is used as a plaster finish for buildings. 

Magnesium oxide {MgO), or magnesia as it is called, 
is Tised for such widely divergent purposes as an 
antacid laxative and for lining of electric furnaces. 
Magnesium sulphate (Mg80*) is commonly known as 
epsom salts, and is employed in the manufacture of 
sodium and potassium sulphates, in medicine as a pur- 
gative, in electric batteries, and for loading and sizing 
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cottcrn goods and textiles, bleaching solutions and, 
finally, in the paper and leather industj^ies. 

The Uses of Barium.— 'TAe Metal. — ^Barium is not 
used industrially in its metallic state. 

Barium Alloys. — ^Barium is not employed as a con- 
stituent of either alloys or iimfllgflTina 

Barium Compounds. — ^Barium carbonate (BaCOt) 
is used as a reagent, as a rat poison and in ceramics. 
Barium chlorate {BaiClOi)^) is employed in making 
green fire. Barium chloride (BaCU^HtO) is used as 
a test for alum, a reagent for the detection of sul- 
phuric acid, in veterinary medicines, in the manufac- 
ture of barium salts, as a poison for mice and rats and 
the softening and purification of water. Barium chro- 
mate (BaCrOt) is a pure yellow powder that is used 
as a pigment and sold under various trade names such 
as lemon yellow, barium yellow, baryta yellow, per- 
manent yellow, barium chrome and yellow ultramarine. 

Barium fluoride (BaF 2 ) makes a strong antiseptic 
and is used as an embalming fluid and for enamels. 
Barium hydroxide (Ba(OH) 2 ) is employed as an al- 
kalizing agent, as a flux for silicates, for saponifying 
fats, refining vegetable and animal oils, for neutralizing 
acids, and for refining sugar. Barium oxide (BaO) 
is largely used for making the hydroxides. Barium 
peroxide (BoO*) is employed in making oxygen and 
also hydrogen peroxide and this, in turn, is largely 
used in medicine as an antiseptic and in the industries 
as an oxidizing and bleaching agent. 

Barium nitrate (J5a.(i\r0»)i) is employed in the 
manufacture of certain kinds of blasting powders. 
Barium sulphate (Ba804) is used as a pigment and 
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sold tinder the names of baryta white, permanent whUe, 
blarus fixe, etc. It is also used as the starting point in 
making other barium compounds, as a filling for glazed 
cards, and sometimes as an adulterant of white lead. 
Finally, barium sulphide {BaS) whose common name 
is Bologna phosphorus, is employed in making cheap 
luminous paints. 

The Uses of Strontium. — The Metal. — The metal 
strontium has no industrial uses. 

The Alloys of Strontium. — Strontium is not used for 
making either alloys or amalgams. 

The Compounds of Strontium. — Strontium arsenite 
(^Sr{As02)2,UH20) is used as an insecticide; strontiiun 
bromate (Sr(Br0a)2,H2O) in medicine as a tonic; 
strontium carbonate (SrCOa) as a source for obtain- 
ing strontium salts, and strontium chlorate (^Sr(Cl0a)2, 
as a reagent and for making red fire for fireworks. 
Strontium hydroxide (Sr(OH)2) is employed in the 
beet sugar industry for crystallizing the sugar from 
the molasses; strontium oxide {SrO) is also used in 
manufacturing beet sugar and, lastly, strontium sul- 
phide (SrS) is employed as a depilatory and as a con- 
stituent of luminous or phosphorescent paint. 

The Uncommon Metals 

The Uses of Arsenic. — The Metal. — ^Arsenic is not 
used industrially in its pure state. 

Arsenic Alloys. — ^Arsenic is not used in alloys. 

Arsenic Compounds. — ^Arsenic disulphide (As«£^s) 
is used in tanning and for making fireworks. Arsenic 
hydride {AsHt) is known as arsine, and it is mn- 
ployed as a delicate indicator in Marsh's test for 
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aisenic; it is also Tised in o:i^anic synthesis and chemi* 
cal warfare. Arsenous oxide (AstOt) is commonly 
known as arsenic or vohUe arsenic, and this is still 
taken occasionally internally by some of the gentler sex 
to improve their complexions; it does and the under- 
taker then uses it as an embalming fluid to preserve 
them from further decay — ^pending the march to the 
graveyard. It is also used as a drug by that class of 
dope fiends known as arsenic eaters}* 

It is a constituent of FowUi's solution which is em- 
ployed in medicine for stimulating the heart. It is 
also employed in glass making, as a mordant in calico 
printing, as a rat poison and in taxidermy. Arsenic 
sulphide (AstSt), or orpiment as it is called, is used 
in the arts as a pigment and is sold under the names 
of King's yellow and arsenic yellow; a natural sul- 
phide is known as realgar and when this is mixed with 
sulphur and potassium nitrate it makes the famous Ben- 
gal lights. 

The Uses of Beryllium.— The Metal. — ^Beryllium 
is not used in the industries in its pure state. 

Beryllium Alloys. — ^At present beryllium is used in 
forming aUoys with aluminum and copper and as this 
is harder and stronger than ordinary aluminum alloys 
it is used for airplane construction. 

Beryllium Compounds. — ^None of the compounds of 
beryllium are of any commercial importance. Bmryl- 
lium oxide (BeOt) is used as the starting point in 
making other beryllium salts. 

The Uses of Cadmium.— The Metal. — Cadmium is 

MThe fatal doae is from i to S grains but arsenic eaters can 
taka four times tbat amount and still survive to tell the tale. 




THE USES OF METALS 287 

used for coating iron and steel articles to make them 
rustproof. It is also used for the electrodes of electric 
stomdard eeUa}* 

Cadmium Alloys . — The metal is employed as a con- 
stituent of alloys having a low melting point or fusible 
alloys as they are termed. 

Cadmium Compounds . — Cadmium acetate (Cd- 
(00CCn»),SH20) is used as a reagent for determin- 
ing sulphur, selenium and tellurium in iron and steel, 
and it is also used in dentistry. Cadmium chloride 
(CdClt) is employed as a reagent for pyridine bases, 
in photography and in the dye and textile industries. 

Cadmium iodide (Cdh) is used as a reagent for 
alkaloids and nitrous acids, in photography, and in 
medicine as an antiseptic and in ointments. Cadmium 
sulphide (CdS) or cadmium yellow or jaune hrillant,^* 
as it is variously called, is used as pigment for color- 
ing soaps and in fireworks and also in ceramics for 
obtaining yellow and orange glazes. Lastly, cadmium 
valerate {Cd(C»H»Ot)») is used in medicine as an anti- 
spasmodic. 

The Non-uses of Columbium. — The metal is not 
used industrially, and it is not employed as a con- 
stituent of alloys and none of its compounds are of 
commercial importance. 

The Non-uses of Gennanixim. — The metal ger- 
manium, like columbium, has no industrial uses, is 

i*A standard electric cell has a cadmium amalgam (OdSg) 
cathode and a mercury anode while the electrolyte is a solntioB 
of cadmium sulphate. 

leThis is French for yMov hrillitmt. 




288 


THE METALS 


not employed in any useful alloys and its compounds 
have no industrial applications. 

The Uses of Manganese . — The Metal . — In its 
pure metallic state manganese is not used in the in- 
dustries. 

Manganese Alloys . — ^Manganese steel is very hard 
and tough and is used for burglar-proof safes, the jaws 
of rock-crushers and railway switches and crossings. 
Manganese bronze is remarkable for its strength and 
toughness, and manganin, which is an alloy of copper 
with a little nickel and a large percentage of manganese 
in it, is largely used in making standard resistance 
coils for electrical apparatus because its resistance does 
not change with moderate changes in its temperature. 

Manganese Compounds . — ^Manganese dioxide (MnOa), 
or battery manganese as it is sometimes called, is used 
as an oxidizing agent, in the manufacture of chlorine 
and other halogens, in electric dry cells and as a de- 
polizer in the Leclanche’s cell ; in paints and varnishes, 
in the glass and rubber industries, and medically as a 
tonic and alterant. Manganic hydroxide (Mn(OH)«) 
is employed as a pigment for textiles, while manganic 
sulphate (Mn3(S0*)s) is used as a powerful oxidizing 
agent in the manufacture of synthetic products. 

Manganous borate (MntBtOi) is employed as a drier 
in paints and varnishes as well as in the making of 
leather. Manganous chloride (MnCU) is used in medi- 
cine in chlorosis, as an antiseptic in gargles, in dyeing 
and in the manufacture of glass. Manganous oxalate 

is employed in the preparation 

u Sometime* called green eiokneee. It i* a disease to whldi 
yonag wmnen ate subject. 
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of metallic magnesiiim and as a drier for paints; man- 
ganous silicate (Mn8i0») is used in the ceramic and 
glass industries; finally, manganous sulphate (MnBO*) 
is used in medicine as a tonic and cathartic, as a 
mordant in dyeing and in the ceramic and glass in- 
dtistries. 

The Uses of Molybdenum.— The MetoH . — 
Molybdenum is used for grids in radio tubes in order 
to keep them from softening. 

Molybdenum Alloys . — The metal forms steel-like 
alloys with carbon and it is used in the form of ferro- 
molyhdenum to harden steel. It is used for crank- 
shafts and connecting rods, as a support for lamp 
filaments, as a resistance element in electric furnaces 
and for other heating devices. 

Molybdenum Compounds . — The chief use of molyb- 
denum compounds is as a reagent for testing and 
estimating phosphoric acid. Molyhdic acid (HtMoO*) 
is employed in making an ammonium molybdate solw 
tion, and as a reagent for testing orthophosphates and 
the arsenates. 

The Uses of Selenium . — The Metal . — ^Metallic 
selenium is used for making the selenium ceU^* and 
this, in turn, has been used as a photometer for meas- 
uring the relative intensity of the light of different 
stars, for telemechanics or remote radio control, for 
telepictura, or the radio transmission of pictures, and 
for television or seeing by radio. The selenium cell 
has now given way to other and far more sensitive 

16 A photoelectric cell which conducts electricity and whoM 
mistance is decreased when it is exposed to li^t. 
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light cells. The allots of seleniim and its compounds 
have no uses outside of the laboratory. 

Tlie Uses of Tvingsten . — The Metal . — Tungsten is 
not used in the industries in its pure state. 

Tungsten Alloys . — ^Tungstmx is alloyed with sted 
and this is used for high speed steel tools which even when 
heated red-hot by cutting retain their temper. It is 
also used for filaments for electric light bulbs and for 
magnets which are highly permanent 

Tungsten Compounds. — Sodium tungstate {NaiWO*,- 
£H» 0 ) is used as a mordant in dyeing and to render 
muslin fireproof. Tungsten-sodium tungstate (Nor 
WOtWiOi) is employed as a pigment and is sold under 
the name of saffron bronze and orange tungsten. Po- 
tassium tritungstate (KtW»09,W»0i) goes by the name 
of violet-tungsten, a bluish-black powder which is used 
as a pigment Tungsten oxychloride (y^OCU) ab- 
sorbs moisture from the air and is, in consequence, 
used as a drier. Finally, tungsten trioxide (TTOa) is 
used in the manufacture of metallic tungsten for lamp 
filaments. 

The Uses of Tantalum . — The Metal . — Tantalum 
makes possible the trouble-free current rectifier charg- 
ors for radio batteries and is used in radio tubes to 
maintain the vacuum. It is employed as a substitute 
for platinum for filaments in incandescent lamps and 
serves as electrodes in the tube of the now familiar 
brilliant neon signs. The spinnerets that are used for 
spinning the shimmering threads of rayon, that is, 
artificial silk, are made of tantalum. 

As tantalmn is practically noncorrosive, chemical ap- 
paratus, is made of it; for this reason precision instru- 
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ments for recording time, temperature, humidity, etc., 
are made of it, and it is also used for peiu. Finally, 
because it takes a high polish and has an iridescent 
sheen it is being used for the cases of watches. The 
alloys and compounds of tantalum are not commercially 
important. 

The Uses of Tellurium . — The Metal . — Tellurium 
is not used commercially in its metallic state. 

Tellurium Alloys . — There are several natural alloys 
of tellurium as, for example, that of gold-silver telluride, 
but they have no industrial uses. 

Tellurium Compounds . — There are various com- 
pounds of tellurium but none of them are of any prac- 
tical importance. 

The Uses of Thallium . — The Metal . — Thallium is 
not used commercially in its metallic state. 

Thallium Alloys . — Thallium and lead can be alloyed 
in all proportions. 

Thallium Compounds. — Thallium nitrate {TINOi) 
is used as a reagent and indicator and for making 
green fire for fireworks. Thallous hydroxide (TlOH) 
is used for making ozone indicator paper, i.e., paper 
that turns brown when in contact with ozone; and 
thallous oxide (TIO) which is employed in the manu- 
facture of flint glass and artificial gems. 

The Uses of Titaniiun.-— TAe Metal . — ^It has no 
use in its metallic state in the industries. 

Titanium Alloys . — Titanium is employed as a con- 
stituent in four useful alloys and these are (f) ferro- 
carbon titanium, (2) carbon-free ferro-titanium, 
(S) cupro-titanium, and (4) mangano-titanium. By 
adding the ferro-titanium alloys to steel a deaner and 
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sounder product is obtained, while the cupro-titanium 
and mangano-titanium are used as deoxidizers in mak- 
ing brass and bronze ingots. 

Titanium Compounds . — Titanium dioxide (TiOi) is 
used in the manufacture of arc-lamp electrodes. Under 
the name of titanium white it is sold to compete with 
white lead and zinc white. Titanium tetrachloride 
(TiClt) gives forth great volumes of fumes when it is 
exposed to the air and it was used for smoke screens 
during the World War. Titanyl sulphate {TiOSOt) 
and titanyl nitrate ( TiO (iVO» ) 2) are generally of a violet 
or green color and these form powerful mordants which 
produce brilliant and stable colors. 

The Uses of Vanadium . — The Metal . — ^Vanadium 
is used in its metallic state as a catalyst. 

Vanadium Alloys . — ^An iron and vanadium alloy 
known as ferrovanadium is used in making vanadium 
steel. 

Vanadium Compounds . — The three chief compounds 
of this metal are vanadium oxide (VtOt), and this is 
used as a mordant in dyeing, in the manufacture of 
steel and of silver vanadate {AgtVOt) and this, in 
turn, is used as a catalyst, and vanadyl trichloride 
iyOCU) which is used as a mordant in the dyeing 
industry. 

The Uses of Zirconium. — The Metal . — ^Zirconium 
is not used in the industries in the metallic state. 

Zirconium Alloys . — The metal itself or an alloy of 
fem>sUicon zirconium is used in making various steels 
and for filaments for incandescent lamps. 

Zirconium Compounds . — ^Zirconium oxide (ZrO*) 
is used for making incandescent gas mantles, for mak- 
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ing enamels, glazes for glass, in the ceramics, in medi- 
cine, in X-ray photographic work and as a substitute 
for bismuth salts. 

Thb Babs Eabth Mxtaib 

The Uses of Cerium. — The Metal. — Cerium is not 
used industrially in its metallic state. 

Cerium Alloys. — Cerium is used for alloys employed 
in making gas lighters and in other pyrophoric and 
spark-producing alloys. 

Cerium Compounds. — Compounds of cerium and 
those of a few of the other rare earth metals of the 
cerium group are largely used for making incandescmit 
gas mantles. Ceric ammonium nitrate (Ce{NOt)t,- 
2Nn*N0t) is the starting point in the preparation of 
pxire cerous salts. Ceric sulphate (Ce(80^)^,J|^Ht0) is 
used in photography and in analytical chanistry as an 
oxidizing agent 

Cerous ammonium nitrate {Ce(NO*)»,8NE*NO»,' 
IOH 2 O) is employed in making gas mantles, as is cerous 
carbonate (Ce»(C0»)»,6H20). Cerous hypophosphite 
(Ce(H 2 P 02 )»,H 20 ) is used medicinally in phthisis. 
Cerous nitrate ((7e(iV’0»)«,6Ha0) is employed in 
making gas mantles. Cerous oxalate (Cet(Cs04)*,- 
9 H 2 O) is the starting point in the preparation of other 
rare earth oxides, and also in medicine as a tonic and 
sedative. Finally, cerous sulphate (C'e*(/SiO«)*) is used 
in making aniline blacL 

The Uses of Yttrium . — The Metal — ^Yttrium as a 
metal has no commercial applications and there an 
no alloys in which it is used. 

Yttrium Compouncia.— Yttrium oxide (Y»0») in its 
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natural state contains the salts of all of the other 
yttrinm group of metals and it is, therefore, used as 
the starting point for extracting them. A few of the 
salts of yttrium are used in making gas mantles. Other 
than this industrial application yttrium salts and those 
of the yttrium group of metals have only a soientifio 
valua 


Tax Raoioaotivx Mctaxs 
The Uses of Radium.— -The MetoL — Kadium in its 
pure metalUc state has no commercial usee. It has 
Wm and is, however, of enormous value to science in 
that it has (I*) enabled us to calculate the exact weight 
of molecules; (£) to conclude that atoms of whatever 
kind are built up of a nucleus of positive electric charges 
called protons, and around which are negative electric 
charges called electrons. 

(S) It is of further importance in that the heat 
given o£F by the disintegration of the radium in the 
crust of the earth is quite enough to maintain its present 
temperature; (4) that the disintegration energy which 
is released by the radioactive elemmits makes it possible 
to calculate (a) the age of the earth, and (b) the long 
period in which life has existed on the earth; and, 
finally (5) the transformation of one element into 
another. 

Badtum Compouttds . — All of the foUowing radium 
compounds are used in medicine for the treatment of 
cancer and other malignant growths and for making all 
ordinary radioactive experiments. 

Badimn bromide (BaBrt) when sold in the open 
market is usually mixed with barium bromide {BaBrt ) ; 
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Taditun carbonate (EaCOi) ia ngoally mixed with 
barium carbonate (BaJCOt) ; radium chloride (^BaCU) 
is usually mixed with barium chloride {BojCU) ; and, 
finally, radium sulphate (BaSO*) is usually mixed 
with barium sulphate (BaS04). 

Radioactive paint, or luminous paint as it is also 
called, is usually formed of any of the above named 
radioactive salts mixed with the sulphide of calcium, 
barium and zinc. Xt is used as a paint for waUJi 
dials, door knobs, k^holes, electric pendantg and 
switches and signs. 

Baduhluminous material is a preparation made with 
one of the above named radium salts and phosphorescent 
zinc sulphide and it is used as a luminous paint for the 
purposes just cited. It is put up in % grain vials 
and sells for $5.00; you can get it of Eimer and Amend, 
18th Street and Third Avenue, New York City. 
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solder, 194; zinc alloy, 193 
Amalgams, 199; of the alkali 
metals, 199; of the common 
metals, 202 ; of the rare 
earth metals, 199; uses of, 
257-266 

Amblygonite, a lithium ore, 94 
Ammonium, amalgam, 201; the 
hypothetical metal, 165 
Anat^, a titanium mineral, 
121 

Anatomical amalgams, 202 
Antimony, uses of alloys, 270; 
chemical properties of, 59; 
uses of compound, 270; the 
expanding metal, 58; extrac- 
tion of, 239; anti-friction al- 
loy, 181; origin of name, 58; 
history of, 68; distribution 
of, 58; kinds of ores: bou- 
langerite, 69; pyragyritc, 
59 ; stibnite, 68 ; wolfsber- 
gite, 59; origin of ores, 58; 
physical properties of, 69; 
uses of, 270 
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Apatite, a oalcinm mineral, 09 
Aqua regia, 80; royal water, 
32 

Argentite, a silver ore, 78 
Argyrodite, a germanium min- 
eral, 114 

Arsenic, uses of alloys, 285; 
chemical properties of, 110; 
uses of compounds, 286 ; eat- 
ers, 286 ; extraction of, 
242; history of, 110; as a 
metal, 110; monosulphide, 
a mineral, 110; occurrence 
of, 110; physical properties 
of, 110; arsenical pyrite 
(ore), 57; uses of, 225 
Artifact defined, 7 
Arts, uses of metals in the, 257 
Asbestos, a magnesium min- 
eral, 102 

Aurignacian epoch, 6 
Aumm paradoxum, 124 
Austiium, the hypothetical 
metal, 170 


Babbitt metal, 181 
Barite, a barium mineral, 107 
Barium, uses of alloys, 282 ; 
chemical properties of, 102; 
uses of compounds, 284; ex- 
traction of, 246; history of, 
107 ; as a metal, 107 ; occur- 
rence of, 107; origin of name, 
107; physical properties of, 
107 ; uses of, 284 
Basic radical, 165 
Beoquerel rays, discovery of, 
151 

Bengal lights, manufacture of, 
284 

Beiyl, a beryllium mineral. 111 
Beryllium, uses of allo 3 rs, 286; 
chemical properties of. 111; 
uses of compounds, 286; ex- 
traction of, 242; history of, 
111; as a metal, 111; occur- 


rence of. 111; origin of 
name. 111; physical proper- 
ties of. 111; uses of, 286 
Berselium, ^e hypothetical 
metal, 178 

Bessemer converter, 235 
Bessemer steel, 180; uses of, 
258 

Bismuth, uses of alloys, 271; 
amalgams, 202 ; brittle 
metal, 60; chemical proper- 
ties of, 61 ; uses of com- 
pounds of, 271; extraction 
of, 230; glance (ore), 61; 
origin of name, 60; history 
of, 60 ; physical propertiett 
of, 61; ochre (ore), 61; dis- 
tribution of ores, 61; origin 
of ores, 60; kinds of ores: 
bismuthine, 61 ; bismuthite, 
61; bismutite, 61; uses of, 
271 

Black jack (ore), 42 
Blast furnace, 231 
Blue gold alloy, 185 
Bologna phosphorus, 108 
Bomite (copper), 30 
Brannite, a manganese ore, 116 
Brass, 178; formulas, 179 
Breast stoping method of min- 
ing, 217 

Brewsterite, a strontium min- 
eral, 105 

Britannia bronze, 179 
Brittle silver, 73 
Bronze Age, 12; alloys, 176; 
description of, 13; formulas, 
179; newer alloys, 191; used 
for medals, 179 
Brookite, a titantium mineral, 
121 

Brown hematite ore, 21 


Cadmium, uses of alloys, 287; 
amalgams, 203 ; chemical 
properties of, 112; uses of 
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Cadmium (oontinufd) 
compounds, 227 ; extraction 
of, 242; history of, 112; as a 
metal. 111; occurrence of, 
112; origin of name, 111; 
physical properties of, 112; 
uses of, 287 

Caesium, chemical properties 
of, 97; uses of compounds, 
279; extraction of, 246; his- 
tory of, 97; as a metal, 96; 
occurrence of, 96; origin oif 
name, 96 ; physical proper- 
ties of, 97 ; uses of, 281 
Calcium, 99 ; chemical properties 
of, 100; uses of compounds, 
281; extraction of, 246; his- 
tory of, 100; as a metal, 99; 
occurrence of, 99; origin of 
name, 99 ; physical proper- 
ties of, 100; uses of, 281 
Calcium, uses of allo 3 r 8 , 281 
Carat, meaning of, 70, 184; 

unit weight for gold, 184 
Carat and fineness defined, 70, 
184 

Carboloy alloy, 198 
Camallite, a magnesium min- 
eral, 103 

Camotite, a radioactive min- 
eral, 154, 156, 164; a vana- 
dium mineral, 127 
Carolinium, the hypothetical 
metal, 173 

Cassioperium, the hypothetical 
metal, 174 
Cast iron, 22, 180 
Cathode rays, 151 
Caving methc^ of mining, 219 
Celestite, a strontium mineral, 
105 

Celtium, the hypothetical 
metal, 174 

Cerargyrite, a silver ore, 73 
Oeria, separation of, 247 
Cerite, a cerium mineral, 136; 
a rare earth mineral, 142, 


144; alloys, 196; uses of al- 
loys, 293; uses of compounds, 
293; history of cerium fvn- 
ily, 133; rare earth metals, 
132; development of cerium 
group, 134; the metal, chem- 
ical properties, history, 
name, occurrence, physical 
properties of, 136; uses of, 
293 

Chart of the Prehistoric Agee, 2 
Chellean epoch, 5 
Chrome-vanadium steel, 191 ; 
uses of, 259 

Chromium, uses of alloys, 271; 
bright metal, 47 ; chemical 
properties of, 48; uses of 
compounds, 272 ; extraction 
of, 242; history of, 48; kinds 
of ores: crocoite, 48; ferrous 
chromite, 48; steel, 190; oc- 
currence of, 48 ; origin of 
name, 47 ; physical proper- 
ties of, 48; uses of, ^8, 
271 

Chrysoberyl, a beryllium min- 
eral, 111 

Church bell metal, 179 
Cigar lighters, 273 
Cinnabar, a mercury ore, 236 
Clansthalite, a selenium min- 
eral, 119 

Cobalt, uses of alloys, 269; 
bloom (ore), 57; chemical 
properties of, 57 ; uses of 
compounds, 269; extraction 
of, 238; goblin metal, 56; 
kinds of ores: cobaltarseno- 
pyrite, 57 ; cobaltite, 57 ; ery- 
thrite, 57 ; linnaeite, 57 ; 
skutterudite, 57 ; smaltite, 
57; origin of name, 56; ori- 
gin of ores, 56; physical 
properties of, 57; tungsten 
alloy, 198; uses of, 269 
Coefficient of expansion defined, 
189 
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Coinage, alloy of niekel, 184; 
broiuse, 179; goldHSopper al- 
loys, 184 

Colloidal gold, 68; silver, 76 
Columbite, a Columbian min- 
eral, 113; tantalum mineral, 
126; origin of name, 113; 
history of, 113; hypothetical 
metal, 169; the metal, 113; 
occurrence of, 113; physical 
properties of, 113 
Columbium, non-uses of, 287 ; 

chemical properties of, 113 
Common brass, 19 
Common metals, 18; extraction 
of the, 231; uses of com- 
pounds, 256; uses of, 257 
Constantan alloy, 198 
Construction of a mine, 211 
Cooper’s gold, 187 
Copper, alloys of, 176; uses of 
alloys, 260; amalgams, 203; 
chemical properties of, 32 ; 
uses of compounds, 260 ; 
Cyprian, 12; discovery of, 10; 
the electric metal, 28 ; ex- 
traction of, 232; glance, or 
vitreous copper, 30; history 
of, 28; mines of Cyprus, 12; 
occurrence of, 29; origin of 
name, 29; kinds of ore: 
argonite, 31; azarite, 30; 
chalcocite, 30 ; chalcopyrite, 
30; chrysocolla, 30; covellite, 
30; cuprite, 30; erubescite, 
30; malachite, 30; melconite, 
30; tetrahedrite, 30; phys- 
ical properties of, 31 ; pyrite, 
30; uses of, 257 
Ch>-Magnon race, 6 
Crocdcesite, a selenium mineral, 
119; thallium mineral, 125 
Crookes tube, 150 
Cmoible steel, uses, 258 
Crystallisation, fra^onal, 247, 
252 

Crysti^ ^steins of, 42 


Cry of tin, 36 
Onpellation, 240 


Damarium, the hypothetical 
metnls, 170 

Dawn Stone Period, or Eolithic, 
3 

Dead or soft steel, 23 
Decipium, the hypothetical 
metal, 167 

A (Delta), the hypothetical 
metal, 172 

Denebium, the hypothetical 
metal, 175 

Dental amalgam, gold, 205; sil- 
ver, 207 

Discovery of the metals, 7, 10 
Disintegration, of radium, 159; 

of uranium, 155 
Distribution of silver and sil- 
ver ores, 72 

Dolomite, a magnesium min- 
eral, 102 

Donarium, a hypothetical 

metal, 167 

Drainage, mine equipment, 
220; pumps, 220; dredging, 
214 

Drift mining, 215 
Drills, mining, kinds of, 211 
Drop forgings, steel for, 24 
Dublium, the hypothetical 

metal, 175 
Duraluminum, 194 
Duriron, 188 
Dutch metal, 179 
Dyscraside, a silver ore, 74 
Dysprosium, the metal, chemi- 
cal properties, history, name, 
occurrence, physical proper- 
ties, 137-138 


B, the hypothetical metal, 174 
Barth defined, 131 
Bkasilicon, see Germanium. 
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Electric metal, copper, 28 
Electric Bervice, equipment for 
mines, 222 

Electrical resistance alloy, 
standard, 187 

Electrium, a natural gold-silver 
alloy, 66 
Electrolysis, 24 
Electrolytic process, 236 
Electrometer, 156 
Eoanthropus, or Dawn Man, 3 
Eolith, 3 

Eolithic, or Dawn Stone Period, 
3 

Equipment, mine rescue, 225 
Equivalent weight method, 251 
Erbium, the metal, chemical 
properties, history, name, oc- 
currence, physical properties, 

138 

Eucairite, a selenium mineral, 
119 

Eurasamarium, the hypotheti- 
cal metal, 175 

Europium, the metal, chemical 
properties, history, name, oc- 
currence, physical properties, 

139 

Eutectic alloys, 195 
Euxenite, a rare earth mineral, 
137-138 

Euxenium, the hypothetical 
metal, 172 

Excavation methods for mines, 
222 

Explosive antimony, 59 
Explosives, for mining opera- 
tion, 222; how used, 224 


Fahl ore, or Falilery, 73 
False lead (ore), 42 
Fergusonite, a rare earth min- 
eral, 138 

Ferro-alloys, 181-189 
Ferro-aluminum alloy, 189 
Ferro-diromium alloy, 181 


Ferro-manganese alloy, 181 
Ferro-silicon alloy, 181 
FerrO'titanium alloy, 189 
Ferro-tungstate alloy, 181 
Ferro-vanadium alloy, 181 
Fineness, 70, 184 
Fire damp, 220-222 
Flux for soldering, 183 
FooPs gold, 22, 119; for jewel- 
ry, 203 

Forge iron, 180 
Formulas for brass, 179 
Formulas for fusible alloys, 196 
Formulas for iron alloys, 181 
Formulas for platinum alloys, 
187 

Formulas for silver solders, 187 
Foundry iron, 180 
Fractional crystallization, 247, 
252 

Fractional distillation, 252 
Fractional electrolysis, 254 
Fractional oxidation, 252 
Fractional precipitation, 252 
Fractionating, meaning, 247 
Fractionation of rare earths, 
250 

Fractionations, control of, 250 
Froth flotation method, 233 
Fulminating gold, 67 
Furnace, blast, revolving 
hearth, 234 

Fusible alloys, 195; formulas 
for, 196 


Gadolinite, a rare earth min- 
eral, 137, 138, 139, 140 
Gadolinium, the metal, chemi- 

I t;cbi pi bico, ujlomjj. jr name, 

occurrence, physical {uroper- 
ties, 140 

Galena, a silver ore, 74 
jp (Gamma), the hypothetical 
metal, 172 
Gangue, 232 
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Oeinler tube^ 150 
Oermanium, chemical proper- 
ties^ 115; history of, 114; 
the metal, 114; occurrence 
of, 114; origin of name, 114; 
physical properties of, 115; 
noniuses of, 288 
derman silver, alloy, 183 
Gilding metal, 179 
Glancodymium, the hyjMtheti- 
cal metal, 170 
Glory hole, description, 216 
Glory hole mining, 216 
Gold, alloys of, 184; uses of 
alloys, 273; amalgams, 204; 
gold>copper alloys for coin- 
age, 1^; gold-copper alloys 
for jewdry, 184; chemical 
properties of, 67 ; uses of 
compounds, 273; extraction 
of, 230 ; distribution of 
gold and gold ores, 65; ori- 
gin of gold and gold ores, 64 ; 
history of, 64; the king of 
metals, 63; kinds of ores: 
calverite, 66; nagyagite, 66; 
sylvanite, 66; origin of name, 
63 ; physical properties of, 
66; prospecting for, 210; 
transmutation of the baser 
metals into, 68 ; uses of, 
273 

Goldschmidt process, 239 
Greenockite, cadmium mineral, 
112 

Grimaldi race, 6 
Grubstaked, defined, 210 
Gun metal, 279 

Gypsum, a calcium mineral, 99 


Hall process, 237 
Hall-mark, defined, 186 
Hallstatt epodi, 16 
Hand slnieiiig, 213 
Hard silver solders, 186 
Hard solder, 188 


Hard steel, 24, 181 
Haulage systems, mine, 225 
Hearth furnace, a revolving, 
234 

Heusler’s non-ferro-magnetic al- 
loys, 196 

High carbon steel, 25 
High-speed steel, 191 
Hoisting systems, mine, 227 
Holmium, the metal, diemical 
properties, history, name, oc- 
currence, physical properties, 
140-141 

Homo eapiena, defined, 6 
Horsefiesh (copper), 30 
Horsewhim, invention of, 228 
Hydraulic giant, 214 
Hydraulicking, 214 
Hydrogen amalgam, 201 
Hypothetical metals, 165; 
amalgams, 201; fine, pseudo- 
mythical, 16& 


niium, the metal, name, occur- 
rence, 141 

Ilmenite, a titanium mineral, 
121 

Implements of the Stone Age, 
9 

Incognitium, the hypothetical 
metal, 173 
Indigo copper, 80 
Industries, uses of metals in, 
257 

Ingot metals, 180 
Ingot steel, 180 
Invar, the alloy, 189 
Ionium, hypothetical metal, 
173; radioactive metal, 164 
Ionisation, defined, 156 
Iridium, chemical properties of, 
88; history of, 82; the metal, 
82; occurrence of, 82; origin 
of name, 82; physical prop- 
erties of, 82; uses of, 276 
Iridosmium, an alloy, 82 
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Iron, formulag for alloys, 181; 
UBeg of alloys, 257 ; an amal- 
gam, 205; chemical proper- 
ties of, 25 ; uses of com- 
pounds, 250; extraction of, 
231; history of, 18; kinds of: 
oast iron, 22; steel, 22; 
wrought iron, 23; most use- 
ful metal, 18; occurrence of, 
20; kinds of ore: hematite, 
21; limonite, 21; magnetite, 
21; pyrite, 21; siderite, 22; 
origin of name, 40; origin of, 
19; physical properties of, 25 
Iron age in Africa, 16 
Iron pyrite a selenium mineral, 
110; newer, 188; Uses of, 257 
Isotope, defined, 161 


Jewelry, gold-copper alloys, 184 
Jew’s attle, defined, 33 
Junoium, the hypothetical 
metal, 165 


King of metals, gold, 63 
Kitchen middens, 8 
Kosmium, the hypothetical 
metal, 170 


Lamp, portable mine, 221 
La/na phUosophia, defined, 44 
Lapis infemalis, 273 
La Tene Epoch, 16 
Lanthanite, a rare earth min- 
eral, 142 

Lanthanium, the metal, chemi- 
cal properties, history, name, 
occurrence, physical proper- 
ties, 142 

Laurite, ruthenium ore, 86 
Lead, uses of alloys, 262; amal- 
gam, 205; chemical proper- 
ties of, 30 ; uses of com- 
pounds, 262; extraction of. 


234; the heavy metal, 37; 
history of, 37; lead-magne- 
sium alloy, 108; kinds of 
ores: anglesite, 38; oerusite, 
30; galena, 38; origin of 
name, 37 ; physical properties 
of, 30 ; a radium product, 
161 ; uses of, 262 
Lepidolite, cesium and rubid- 
ium ore, 06; a lithium ore, 
04 

Lipowitz’s amalgam, 202 
Lithium, uses of amalgam, 
280; chemical properties of, 
05; uses of compounds, 280; 
extraction of, 245 ; history 
of, 05; as a metal, 94; occur- 
rence of, 04; origin of name, 
04 ; physical properties of, 
95; uses of, 280; hypotheti- 
cal metal, 170 

Luminous paint, making of, 
205 

Lunar caustic, 75, 274 
Lutecium, the metal, chemical 
properties, history, name, oc- 
currence, physical properties, 
143 


Magdalenian period, 7 
Magnalium, 104 
Magnesium, amalgam, 206 ; 
chemical properties of, 104; 
uses of compounds, 223; ex- 
traction of, 246; history of, 
103; as a metal, 102; occur- 
rence of, 102; origin of name, 
102; an oxide of magnesium, 
104; physical properties of, 
103; uses of, 283; magnesite, 
a magnesium mineral, 102; 
defined, 102; magnetic sus- 
ceptibility, method, the, 252 
Magnetometer, 253 
Manganese, uses of alloys, 288; 
manganese bronae, 192 ; ^emi- 
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Hi ^OBtpoitiidi, «clrt€- 

Mm moM, 119; 
noQrwm €l» 2S8; ooenrrenoe 
«f 119; 'ipikKfHieml propertiw 
Hi, 116; nuuigEiieM steel, 160 
Miiganln, 108 

Ifmn^aiiite, a maaganeee ore, 

lie 

Matter, definition, 232 
lifodium steel, 24 
Menadianite, a titanium min- 
eral, 121 

Mercury, amalgams, 160, 202, 
257, 266; chemical properties 
of, 51; uses of compounds, 
266; extraction of, 236; his* 
tory of, 49; the liquid metal, 
49; occurrence of, 49; origin 
of name, 49; origin of, 49; 
physical properties of, 51 ; 
kinds of ores: cinnabar, 50; 
ooloradoite, 51 ; mercurial 
tetrahedrite, 51 ; montroy* 
dite, 50; onofrite, 51; tie* 
mannite, 51; uses of, 265 
Mesolithic, or Middle Period, 8 
Metal, aluminum, the light, 52; 
antimony, the expanding, 52; 
bismuth, the brittle, 60; co- 
balt, the goblin, 56; copper, 
the electric, 28; gold, the 
king of, 63; iron, the useful, 
18; lea^ the heavy, 37; mer* 
cury, the liquid, 49; nickel, 
the hard, 44; tin, the soft, 
32; zinc, the galvanic, 40 
Metallic mastic, 204 
MetaUum prohlematum, 124 
Metals, age of, 10; the com- 
mon, 18; discovery of, 10; 
mi^ng id, 209 ; the noble, 
63; origin of, 1 
Milling, method of mining, 216 
Mine air, instmmmits for test- 
iagf 221 


Wm Hit tltf 

drainage fifiO; 

other equlpmeiit, 210; hanl- 
age systmiii, 22^227; hoist- 
ing systems, 227; portable 
lamps, 221 ; reseue equip- 
ment, 225 ; transportation 
systems, 225; ventilation, 
220; mining of metals, 207; 
kinds of, 212 
Mispickel (ore), 57 
Mock ore (zinc), 42 
Mock silver, 194 
Moir^e metallique, 36 
Molecular silver, 76 
Molybdenite, a molybdenum 
mineral, 118 

Molybdenum, the uses of alloys, 
289; chemical properties of, 
118; uses of compounds, 289; 
as a metal, 117; origin of 
name, 117; occurrence of, 
118; physical properties of, 
118; uses of, 289 
Monde process, 236 
Monel metal, a natural alloy, 
184, 235 

Monium, the hypothetical 
metal, 172 

Monozite, a rare earth mineral, 
136, 140, 142 

Monozite sand, a thorium 
source, 162 
Monsterian epoch, 5 
Mosaic gold, 179 
Mosandrium, the hypothetical 
metal, 167 
Muntz metal, 179 


Neanderthal race, 6 
Neodymium, the metal, chemi- 
cal properties, history, name, 
occurrence, physical proper- 
ties, 144 

Neo-Kosmium, the hypothetical 
metal, 170 





UtoUtUe Peifiod» or Kow Btcme 
AgB, 8 

Koo-jr^rbium* tho bypotbetieal 
matal, 174 

IHckel, alloys of, 183; uses of 
alloyB, 264; chemical prop- 
erties of, 46; uses of com- 
pounds, 265 ; extraction of, 
235; the hard metal, 44; his- 
tory of, 44; origin of name, 
44; occurrence of, 45; kinds 
of ores: gamierite, 45; gers- 
dorffite, 45 ; nicoolite, 45 ; 
pentandite, . 45 ; pyrrhotite, 
45 ; physical properties of, 
45; nickel-steel alloy, 184, 
189; uses of, 264 

Nobium, see Columbium. 

Noble metals, 63 ; extraction of, 
239; uses of, 271 

Non-ferro-magnetic alloys, 196 


Oil flotation method, 233 

Old Stone Age, or Paleolithic 
period, 4 

Olivine, a magnesium mineral, 
102 

(Omega), the hypothetical 
metal, 172 

Open cut mining, 215 

Open-hearth steel, 180; uses, 
258 

Ore, exploration for, 210; ref- 
use, 240 ; origin of aluminum, 
52; kinds of aluminum, 54; 
kinds of antimony, 58; kinds 
of bismuth, 61; kinds of 
cobalt, 57; kinds of copper, 
80; extracting metals from, 
229; kinds of gold, 65; kinds 
of iron, 21; kinds of lead, 
88; kinds of nickel, 45; ori- 
gin of antimony, 58; origin 
of cobalt, 56; kinds of tin, 
85; kinds of zinc, 42; origin 
of bismuth, 60; origin of cop- 


m 

par, 29; origin of foil, 
origla of iron, 19; nrt^ of 
silver and silver ores, 71; 
cnigin of tin, 84; ori^ of 
zinc, 41 

Omithorhynohm parado^M, 
125 

Orpiment, an arsenic mineral, 
109 

Orthite, a rare earth mineral, 
141, 142 

Osmiridium, an alloy, 82 

Osmium, origin of name, 83; 
history of, 83; as a metal, 
83; occurrence of, 83; physi- 
cal properties of, 83; uses of, 
276 


Painted pebbles, the, 8 
Paleolithic Period, or Old Stone 
Age, 4 

Palladium, chemical properties 
of, 84; history of, 84; as a 
metal, 84; occurrence of, 84; 
origin of name, 84; physical 
properties of, 85 ; uses of, 
276 

Panning, 213 
Parke’s process, 241 
Peacock copper, 30 
Pendalite, a nickel ore, 235 
Periodic system, 104, 114 
Permalloy, 188 
Pewter, 181 

Pharaoh’s Serpents, 267 
Phenacite, a beryllium mineral, 
111 

Phillipium, the hypothetical 
metal, 167 

Philosopher’s wool, 44 
Phosphor bronze, 179, 192 
Physical properties, of alumi- 
num, 54; of antimony, 59; 
of arsenic, 110; of buium, 
107; of beryllium. 111; of 
bismuth, 61; of cadmium, 
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Physical properties (oonttfHied) 
112; of cssium and rubidium, 
97; of calcium, 100; of 

chromium, 48; of cobalt, 57; 
of columbium, 113; of cop- 
per, 31; of germanium, 115; 
of gold, 66; of iridium, 62; 
of iron, 25; of lead, 39; of 
lithium, 95 ; of magnesium, 
103; of manganese, 116; of 
mercury, 51; of molybdenum, 
118; of nickel, 45; of os- 

mium, 83; of palladium, 85; 
of platinum, 78; of potas- 
sium, 92 ; of rhodium, 86 ; 
of ruthenium, 87 ; of se- 
lenium, 120; of silver, 74; of 
sodium, 90 ; of strontium, 
106; of tantalum, 127; of 

tellurium, 123; of thallium, 
125; of tin, 35; of titanium, 
122; of tungsten, 47; of 

vanadium, 128; of sine, 42; 
of sirconium, 129 

Piano wire, 180 

Pitchblende, a radioactive min- 
eral, 153; a radium mineral, 
254; placer mining, 213, 
239 

Platinum, absorption powers 
of, 81 ; alloys of, 187 ; uses of 
alloys, 275; amalgams, 206; 
bla<^, 81; chemical proper- 
ties of, 80; uses of com- 
pounds, 276; the costly 
metal, 76; extraction of, 
241 ; platinum-iridium al- 
loy, 187; metals of, 76; 
extraction of the metals, 
241 ; uses of the metals, 
275; occurrence of, 77; 
origin of name, 76; physical 
properties of, 80; platinum 
sponge, 81 ; platinum-silver 
all<^, 187; uses of, 275 

P<dliieit^ a ensium ore, 90 


Polonium, a radioactive si]d>- 
stance, 152 

Polonium, a radium product^ 
161 

Polycrase, a rare earth mineral^ 
149 

Pompholyx, defined, 44 
Potassium, uses of alloys, 279; 
uses of amalgam, 279; uses 
of compounds, 279; extrac- 
tion of, 245; history of, 92; 
as a metal, 91 ; occurrence of, 
91 ; origin of name, 91 ; 
physical properties of, 92; as 
a radioactive metal, 164; 
uses of, 279 

Praseodymium, the metal, 
chemical properties, history, 
name, occurrence, physical 
properties, 145 
Pre-Chellean epoch, 5 
Prehistoric Ages, Chart, 2 
Pronsite, a silver ore, 73 
Properties, chemical, aee vari- 
ous metals. 

Prospecting, gold, 210. fifes 
dUo Gold. 

Pumps, mine drainage, 220 
Purple, of Cassius, 68 
Pyrolusite, a manganese ore, 
116 

Pyrophoric alloys, 196 


Radioactive bismuth, 153 
Radioactive metals, 150; elec- 
trometer for the determina- 
tion of, 156; isolation of, 
254; radio-luminous material, 
295; making of paints from, 
295; uses of, 294 
Radioactivity, discovery, 150 
Radio-tellurium, a radioactive 
substance, 153 

Radium, t^ metal, chemical 
properties, 161; uses of com- 
pouiuds, 294 ; discovery of. 
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Badium (contimied) 

168; property of disintegra- 
tion, 169 ; heat producing, 
167; history of, 166; ioniza- 
tion of, 166; isolation of, 
264; origin of name, 166; oc- 
currence of, 166; physical 
properties, 166; physiological 
properties, 161; discovery of 
rays, 162; ray-emitting, 167; 
transformation, 160; uses of, 
294 

Badium emanation, 160 
Badon, a radium product, 161 
Bare earths, 131 
Bare earth metals, 131, 262; 
amalgams of, 199; history of, 
131; table of, 132; uses of, 
293 

Bare earth salts, separation of, 
246 

Bays, alpha, 168; beta, 169; 
gamma, 169 

Bealgar, an arsenic mineral, 
109 

Bed brass alloy, 179 
Bed hematite ore, 21 
Bed zinc ore, 42 
Beef gold, 64 
Befuse ore, 240 
Bescue equipment, mine, 226 
Bhodium, chemical properties 
of, 86; history of, 86; as a 
metal, 86; occurrence of, 86; 
ores: rhodium gold, 86; rho- 
dite, 86; origin of name, 86; 
physical properties, 86; uses 
of, 277 

Bock excavation, mines, 222 
Bogerium, the hypothetical 
metal, 169 

Boom and pillar method of 
mining, 217 

Bubidium, chemical properties, 
97; uses of compounds, 279; 
eitraction of, 246; history 
of, 97; as a metal, 96; oc- 


8or 

currence of, 96; origin of 
name, 96; physical proper- 
ties of, 97; as a radioactive 
metal, 164; uses of, 281 
Buby copper, 30 
Bul^ silver, 73 

Bussium, the hypothetical 
metal, 170 

Bustproof iron alloys, 188 
Buthenium, chemical properties 
of, 87; history of, 87; as a 
metal, 86; occurrence of, 86; 
origin of name, 87; physical 
properties of, 87; uses, 276 
Butile, a titanium mineral, 121 


Samarium, the metal, chemical 
properties, history, name, oc- 
currence, physical properties, 
146 

Samerskite, a rare earth min- 
eral, 189, 140, 146 

Sciences, uses of metals in, 
257 

Selenides, selenium minerals, 
119 

Selenium, chemical properties 
of, 121; extraction of, 243; 
history of, 120; as a metal, 
119; occurrence of, 119; 
physical properties of, 121; 
uses of, 289 

Separation of ceria, 247 ; of the 
rare earth salts, 246; of 
yttria, 247 

Serpentine, a magnesium min- 
eral, 102 

Si, the hypothetical metal, 169 

Silicon bronze, 179, 193 

Silver, alloys of, 186; silver- 
cadmium, 186; silver-copper, 
185; silver-tin, 186; silver- 
platinum, 186; uses of al- 
loys, 274; amalgams, 206; 
making of silvering amal- 
gams, 206; chemical prop«r- 
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Silver (oontinued) 
ties, 74; uses of compounds, 
274; extraction of, 240; sil- 
ver glance, 73; kinds of ores, 
73; distribution of ores, 72; 
origin of name, 71; origin 
of, 71; physical properties 
of, 74; the queen of metals, 
70; tarnishing of, 75; re- 
moving of tarnish, 75; uses 
of, 274 

Sirium, the hypothetical metal, 
165 

Sodium, uses of amalgam, 277; 
chemical properties of, 00 ; 
uses of compounds, 277; ex- 
traction of, 245; history of, 
89; as a metal, 88; occur- 
rence of, 89; origin of name, 
88; physical properties of, 
90; uses of, 277 
Soft or dead steel, 23, 183 
Soldering solution, making of, 
264 

Solders, aluminum, 194; hard 
gold, 185; hard silver, 186; 
kinds of, 183; soft, 183 
Solutrian Period, 7 
Spathetic iron ore, 22 
Spectroscope, for the detection 
of metals, 251 
Spectroscopic methods, 251 
Speculum metal, 179 
Sperrylite, a platinum ore, 77 
Spongy platinum, 81 
Spring steel, 25 
Stainless st^l alloy, 191 
Stamp mill, 240 
Standard electric cell, 285 
Standard gold-copper alloys, 
184 

Statuary bronze, 179 
Steel, alloys, 25, 181, 190; uses 
of alloys, 258 ; kinds of : 
dead, 23; hard, 24; heat 
treated, 25 ; high carbon, 
medium, iS; soft, 23; spring. 


25; steel alloys, 25; uses of, 
257 

Stephanite, a silver ore, 73 
Stereotype metal, 183 
Sterling silver, 186 
Stone Age, 1 
Stone Age implements, 9 
Stoping method of mining, 217 
Strepyan epoch, 5 
Strontianite, a strontium min- 
eral, 105 

Strontium, uses of alloys, 285; 
chemical properties of, 106; 
compounds, 285 ; extraction 
of, 246; history of, 106; as 
a metal, 105; occurrence of, 
105; origin of name, 105; 
physical properties of, 106; 
uses of, 285 
Structural steel, 24 
Sucoeedaneum, an amalgam, 
207 

Surface haulage systems, 226 
Sylvanite, a tellurium mineral, 
123 


T61, T62, T63, hypothetical 
metals, 174 

Tantalite, a columbium min- 
eral, 113; a tantalum min- 
eral, 126 

Tantalum, chemical properties, 
127 ; extraction of, 244 ; as a 
metal, 126; occurrence of, 
126; origin of name, 126; 
physical properties of, 127; 
uses of, 290 

Tantiron, 188 

Tellurite, a tellurium mineral, 
123 

Tellurium, uses of alloys, 291; 
chemical properties of, 124; 
uses of compounds, 291; ex- 
traction of, 244; history of, 
123; as a metal, 123; occur- 
rence of, 123 ; origin of name^ 
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Tellurium (continued) 

123; physical properties of, 
123; uses of, 21 
Terbium, the metal, chemical 
properties, history, name, oc- 
currence, physical properties, 
147 

Tetradymite, a tellurium min- 
eral, 123 

Tetrahedrite, a silver ore, 73 
Thallium, uses of alloys, 201; 
uses of compounds, 291; 
chemical properties of, 125; 
extraction of, 244; history 
of, 125; as a metal, 124; 
occurrence of, 124; origin of 
name, 124; physical proper- 
ties of, 125; uses of, 291 
Thermite process for making 
pure metals, 238 
$ (Theta), the hypothetical 
metal, 172 

Thorite, a thorium mineral, 162 
Thorium, the metal, chemical 
properties of, 162; history 
of, 162; isolation of, 254; oc- 
currence of, 162; origin of 
name, 162; physical proper- 
ties of, 162 
Thornhill process, 237 
Thulium, the metal, chemical 
properties, history of, occur- 
rence of, origin of name, 
physical properties, 147 
Tin, alloys of, 181; uses of 
alloys, 261; amalgams, 207; 
uses of amalgams, 261; uses 
of compounds, 261; tin dia- 
monds, 35 ; extraction of, 
233; tin islands, 33; occur- 
rence of, 35; kinds of ore: 
cassiterite, 35; tin pyrites, 
35; origin of name, 32; ori- 
gin of, 34 ; physical prop- 
erties of, 35; the soft metal, 
32; uses of, 261 
Tinstone ore, 35 


Titanate, a titanium mineral, 
121 

Titanium, uses of alloys, 291; 
chemical prope^es of, 122; 
uses of compounds, 292; his- 
tory of, 122; origin of name, 
121; as a metal, 121; occur- 
rence of, 121; physical prop- 
erties of, 122; uses of, 291 
Tombac metal, 179 
Top slicing method of mining, 
218 

Tough brass, 179 
Transformation of one element 
into another, 69; of radium 
into lead, 160; of uranium 
into radium, 155 
Transmutation of the baser 
metals into gold, 68 
Transportation systems, mine, 
225 

Tungsten, uses of alloys, 290; 
tungsten bronze, 192; uses of 
compounds, 290 ; extraction 
of, 244; the heavy metal, 46; 
history of, 47 ; occurrence of, 
46; origin of name, 46; kinds 
of ores: schreelite, 46; wolf- 
ramite, 46; physical proper- 
ties of, 47 ; tungsten steel, 
191; uses of tungsten steel, 
252; uses of, 290 
Type metal, 183 


Uncommon metals, 109; ex- 
traction of, 242; uses of, 
284 

Underground haulage systems, 
225; mining, 216 

Underhand stoping, method of 
mining, 218 

Uranite, a radioactive mineral, 
153, 155 

Uranium, the metal, chemical 
properties, 153; history of, 
153; isolation of, 254; occur* 
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Uranium (e^rniiimed) 
rence, 153; physical proper* 
ties, 158 


Vanadite, a Tanadinm mineral, 
127 

Vanadium, uses of alloys, 292; 
vanadium bronse, 192; ^emi- 
cal properties of, 128; uses 
of compounds, 292; extrac- 
tion of, 244; history of, 128; 
as a metal, 127; occurrence 
of, 127; origin of name, 127; 
physical properties of, 128; 
uses of, 292 

Ventilation, methods of, 221; 
mine, 212, 220 

Verdigris, 32 

Vestrium, the hypothetical 

metal, 165 

Victorium, the hypothetical 
metal, 172 


Wasmium, the hypothetical 
metal, 167 

Welcome Stranger, 64 

Weld metals, 180 

Welsium, the hypothetical 
metal, 175 

White brass alloy, 179 

White gold, or the seventh 
metal, 78 

White gold all<^, 185 

Winding plants of deep mines, 
228 

Witherite, a barium mineral, 
107 

WShlerite, a droonium min- 
eral, 129 

Wrouj^t iron, 28, 180 

Wulf^te, a molybdenum min- 
eral, 118 

Z, the hypothetical metal, 167 


Xenotime, a rare earth min* 
eral, 137, 138, 139 
X-rays, discovery of, 151 


Yd, the hypothetical metal, 168 
Yp, the hypothetical metal, 
168 

Yellow brass, 179 
Ytterbium, the metal, 148, 174 
Yttria, separation of, 247 
Yttrium, the metal, chemical 
properties, history of, occur- 
rence, origin of name, physi- 
cal properties, uses of, 149 
Yttrium family, history of, 
132, 134; uses of compounds, 
293 

Yttrotantalite, a tantalum min- 
eral, 126 


Z, the hypothetical metal, 169 
Zo, the hypothetical metal, 169 
Zp, the hypothetical metal, 169 
Zy, the hypothetical metal, 169 
Zc, the hypothetical metal, 170 
Z|, the hypothetical metal, 170 
Zinc, uses of alloys, 263 ; 
ai^gam, 207 ; zinc blend 
(ore), 42; chemical proper- 
ties of, 43 ; uses of com- 
pounds, 268 ; the galvanic 
metal, 40; history of, 40; oc- 
currence of, 41 ; kinds of 
ores, 42; origin of ores, 41; 
origin of name, 40; physical 
properties of, 42 ; uses of, 
263 

Zirconium, uses of alloys, 292; 
uses of compounds, 292; his- 
tory of, 129; as a metal, 
129; occurrence of, 129; ori- 
gin of name, 129; uses of, 
292; droon, 129 

(0 








